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This  volume  is  divided  into  three  separate  reports  which  document  the  three  stages  of  develop¬ 
ment. 

Volume  Summary 

A.  Phase  I  Report 

Flux  Synthesis  and  PWM  Synthesis  Techniques  Theory  and  Evaluation 

B.  Phase  IIA  Report 


In  conjunction  with  the  PWM  Technique  the  novel  use  of  a  microprocessor  based  calculation  of  a 
signal  to  represent  air  gap  flux  in  the  motor  was  attempted.  Externally  this  involves  only  sampling  output 
currents  and  voltages  to  the  motor  and  does  not  involve  intrusion  into  the  motor  to  place  sense  windings 
or  Hall  effect  devices. 
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The  purpose  of  this  latter  investigation  was  to  generate  a  signal  proportional  to  air  gap  flux  which 
could  be  used  in  feedback  control  of  the  PWM  microprocessor  to  vary  the  output  pulsewidths  of  the 
bridge.  This  in  turn  could  be  used  to  maintain  the  air  gap  flux  in  the  motor  constant  despite  varying  load. 

During  development  it  became  apparent  that  keeping  the  air  gap  flux  level  constant  did  not  repre¬ 
sent  an  efficient  control  mechanism  for  the  motor.  This  technique  evolved  from  the  normal  use  of  induc¬ 
tion  motors  on  fixed  frequency  where  better  performance  could  be  obtained  on  heavy  load  if  the  supply 
voltage  could  be  boosted  to  maintain  air  gap  flux  despite  increased  voltage  drop  in  the  stator  resistance 
and  leakage  inductance. 

In  reality  an  unloaded  or  lightly  loaded  induction  motor  can  be  run  at  very  much  lower  voltages 
than  ‘nominal*  for  any  given  frequency  and  the  purpose  of  feedback  should  be  to  increase  the  voltage 
approximately  with  load  to  maintain  just  sufficient  flux  to  prevent  under-excited  operation  with  conse¬ 
quent  high  slip  frequencies. 

The  use  of  the  air  gap  flux  synthesis  technique  appeared  to  work  in  principle,  but  difficulties  were 
encountered  in  using  it  at  low  frequencies.  Calculation  of  the  feedback  signal  was  very  sensitive  to  the 
phase  relationship  of  the  motor  current  and  voltage,  and  distortion  in  the  feedback  pre-sampling  filters 
which  is  evident  in  the  low  frequency  oscilloscope  pictures  (Phase  II,  Task  B  Report)  is  of  serious  conse¬ 
quence  here.  Further,  the  air  gap  flux  signal  as  derived  via  a  reactive  power  calculation  is  double  valued  - 

I 

and  for  use  as  a  regulation  signal,  care  must  be  taken  to  ensure  that  the  load  remains  always  on  the  ' 

i 

over-exited  side  or  always  on  the  under-exited  side  of  the  optimum  excitation  level  for  any  particular  load  1 
and  frequency.  While  this  can  be  assumed  statically,  in  a  dynamic  loading  situation,  unless  the  feedback 
loop  is  fast  compared  with  load  change  this  cannot  be  assured. 


For  purposes  of  checking  out  other  key  points  of  the  motor  controller  development  independently 
of  the  flux  feedback  signal,  a  slight  modification  of  the  feedback  signal  was  made.  This  permitted  sensing 
and  feedback  of  the  motor  load  current  and  provided  satisfactory  demonstration  and  of  overload  protec¬ 
tion  by  ramping  down  in  frequency.  During  this  mode  of  operation  the  output  voltage  was  controlled  to 
have  essentially  constant  volts/Hz  except  for  the  drop  due  to  stator  resistive  and  reactive  components. 

Satisfactory  operation  in  this  mode  indicates  that  regulation  at  some  constant  air  gap  flux  would  be 
possible  although  not  necessarily  desireable  from  an  optimum  control  point  of  view. 

In  summary,  the  following  was  achieved: 

1 .  Full  microprocessor  based,  sine  wave,  3  phase,  variable  frequency,  variable  amplitude  output 
waveform  generation  with  volt-second  control  of  the  pulsewidths  based  on  Jvdt  calculations. 

This  was  performed  using  an  8  bit  M6800  processor  in  conjunction  with  pulse  timer  modules 
in  an  interrupt  driven  configuration. 

2.  Proof  of  principle  of  air  gap  flux  synthesis  technique  and  demonstration  of  overload  ramp 
down  dynamic  load  shedding. 

3.  Construction  and  test  of  a  7.5  kw  3  phase  transistor  bridge  driving  a  32  Hz  induction  motor. 

4.  Test  of  the  complete  motor  controller  on  a  dynamometer,  and  test  of  all  principles  involved. 

These  tests  showed  a  sound  hardware  design  which  provided  high  quality  sine  wave  currents  to  the 
motor  over  extended  periods  of  time  at  all  power  levels.  These  tests  are  showed  that  with  some  extra  / 

investigation  in  the  feedback  area,  an  extremely  viable,  high  efficiency  motor  controller  for  deep  ocean 
application  has  been  developed. 
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MICROPROCESSOR  -  BASED  THREE  PHASE  MOTOR  CONTROLLER 


Introduction 

The  objective  of  this  study  was  to  define  an  approach  to  digital  synthesis 
of  waveforms  for  a  low  harmonic  content  sine  wave  output  IVM  30  variable  frequency 
transistorized  induction  motor  drive  inverter,  to  analyze  an  air  gap  flux 
synthesis  system  using  microprocessor  supervisory  control  and  to  provide  block 
diagram  information  and  block  response  characteristics  for  computer  modeling  of 
the  motor  drive  system. 

t 

Summary  &  Recommendation 

Initially  it  was  thought  that  an  M6800  microprocessor  would  be  too  slow  j 

i 

for  PWM  generation  for  this  application.  However,  careful  analysis  of  the 
capabilities  of  the  processor  as  calculator  of  numbers  rather  than  a  generator 
of  timing  waveforms  led  to  consideration  of  its  use  to  calculate  pulsewidths  and 
timing  intervals,  numbers  which  can  be  used  to  control  a  single  chip  3-channel 
timer.  This  component  turns  the  numbers  into  serial  outputs  as  a  function  of 
time  -  the  pulse  width  modulation  waveforms  -  which  are  amplified  by  the  slave 
power  switches  of  a  30  power  bridge.  Amplitude  scaling  of  the  output  as  a 
function  of  demanded  motor  voltage,  controlled  via  the  air  gap  flux  feedback 

i 

loop,  is  effected  by  digital  multiplication  using  a  high  speed  hardware  multiplier. 

The  air  gap  flux  synthesis  and  feedback  control  loop  relies  on  sensing  the 
voltages  and  currents  to  the  motor  and  simulating  the  magnetizing  component  of 
the  reactive  power  drawn  by  the  motor.  Since  the  output  waveforms  from  the 
bridge  to  the  motor  are  not  smooth  sinusoides,  the  sensed  Inputs  from  these 
mu at  be  filtered  by  equal  filters  to  maintain  phase  relationship  between  current, 
and  voltage.  Once  filtered,  analog/digital  conversion  turns  these  Inputs  into 
a  form  suitable  for  a  microprocessor  calculation  routine  which  modifies  the 
voltage  output  of  the  PHM  drive  in  response  to  motor  load  requirements. 
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The  FWM  subsystem  block  was  designed  in  software  and  hardware  using  an 
AMI  6800  microprocessor  development  system  for  the  software  development  and  an 
AMI  prototyping  general  purpose  microprocessor  board  for  hardware.  Pictures 
of  waveforms  are  provided. 

Imperfections  in  the  triangle  crossing  modulation  approach,  which  is  an 
easy* to- implement  technique  in  analog  circuitry,  were  observed.  The  microprocessor 
approach  to  FVM  permits  use  of  an  optimum  integral  technique  which  noticeably 
reduces  harmonics. 

The  work  performed  in  this  study  has  covered  the  basic  requirements  for 
microprocessor  control  of  a  sine  wave  output  motor  drive  system  and  in  addition 
has  developed  a  novel  approach  to  RIM  synthesis.  It  is  recommended  that  further  ’ 
work  in  this  area  be  addressed  to  tying  the  PWM  control  and  air  gap  flux  synthesis 
loops  together  in  both  software  and  hardware  and  reduction  to  practice  of  a 
full  inverter/motor  system. 
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Flux  Synthesis  Control  Loop 

In  attempting  to  control  the  air  gap  flux  in  an  induction  motor  it  is 
necessary  to  maintain  a  given  magnetizing  current  in  the  magnetizing  inductance 
component  of  the  primary  (stator)  winding  of  the  motor.  In  the  equivalent 
circuit  of  the  induction  motor  (Figure  1)  it  is  the  current  ^  which  is  to  be 
kept  constant  in  the  presence  of  varying  load  currents  and  hence  varying  voltage 
drops  across  ,  Lx  and  changes  with  temperature  of  winding  resistances. 

The  input  power  to  the  motor  can  be  considered  to  have  two  components. 

The  true  power  VI  cos  0  and  the  reactive  power  VI  sin  0  or,  if  V  *=  V^  Sinwt  & 

I  *  lx  Sin(wt-0)  the  power  components  are  1/2  VI  Cos0  and  1/2  VI  Sin0.  The  true 
power  input  includes  power  lost  in  winding  resistances  and  iron  loss  as  well  as  in  I 
equivalent  load  resistor.  The  reactive  power  component,  however,  by  definition 
is  Independent  of  all  the  resistance  components  and  represents  the  product 
of  the  terminal  voltage  and  the  quadrature  currents  flowing  in  the  leakage  j 

inductance  L^,  the  magnetizing  inductance  1^  and  the  secondary  (rotor)  inductance  ! 

1>2 . 

These  Inductances  are  fixed  once  the  motor  is  made  and  do  not  change  with 
load,  etc.  It  remains  then  to  find  the  'voltage  drop'  in  due  to  Im  and  I2 
so  that  the  'voltage'  applied  to  Lm  and  hence  the  magnetizing  current  3^  can  be 
found. 

The  flux  control  loop  block  diagram  is  shown  in  Figure  2,  and  the  full 
derivation  as  well  as  the  microprocessor  assembly  language  program  for  flux  loop 
control  is  given  in  Appendix  A.  During  the  development  of  the  block  diagram,  ' 
numerical  constants  were  selected  on  the  basis  of  measurements  made  on  the  motor 
chosen  for  testing.  Closed  loop  operation  with  that  motor  has  not  been  performed 
and  it  is  anticipated  that  some  adjustments  to  the  constants  will  be  required  for 
proper  operation  in  that  mode. 
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FIGURE  Z 

CoNTRoUQ>  AC  McfTDfc  DRAVE 
:  Loop  Calculation  fcLocyc  DIAGRAM 


Pulse  Width  Modulation  Synthesis 

Background 

Initially  it  was  thought  that  the  M6800  would  be  too  slow  to  generate  the 
pulse  width  modulated  wave  forms.  However,  a  closer  look  at  the  problem,  as 
outlined  in  Appendix  B,  indicated  that  by  using  table  look  up  and  a  hardware 
multiplier  it  should  be  possible  to  implement  algorithms  which  generate  time 
related  bytes  from  which  the  serial  PWM  signals  for  the  three  phases  can  be 
generated.  Such  a  system  was  devised  and  is  described  below. 

Hardware 

Figure  3  shows  a  functional  block  diagram  of  the  hardware  used  to  create 
the  PWM  waveforms.  The  central  processing  unit  is  an  AMI  6800  with  a  1  MHz 
clock,  8K  bytes  of  EPRCM  for  program  and  timing  sequence  data  storage,  IK  bytes 
of  RAM  for  scratchpad  storage,  a  Pulse  Timer  Module  containing  3  independent 
timers  with  output  signals,  an  8x8  bit  multiplier  to  speed  up  calculations  and 
a  keyboard  interface  used  to  command  different  voltages  and  frequencies. 
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Software 


A  frequency  table  Is  stored  In  PRCM  for  each  frequency  that  is  to  be  output. 
It  contains  all  the  information  required  to  generate  the  PWM  waveforms  for  a 
number  of  voltage  steps.  Stored  in  the  Frequency  Table  are: 

1.  The  number  of  pulse  periods  in  a  60  degree  segment  of  the  output 
sine  wave  (n) . 

2.  The  number  of  timer  clocks  in  a  pulse  period  (NCLKS). 

3.  A  scale  factor  table  containing  the  scaling  data  for  a  number  of 
dif."*»rent  voltage  steps. 

4.  A  baseline  timing  sequence  for  a  given  voltage  containing,  for  each 
pulse  period,  the  width  of  the  dominant  pulse  (t,j),  the  width  of  the 
first  complementary  pulse  (tci)  and  the  centerpoint  of  the  dominant 
pulse  (CP) . 

These  parameters  are  sufficient  to  generate  timing  sequences  for  a  large 
number  of  voltage  steps  for  a  given  frequency  while  at  the  same  time  keeping 
the  memory  requirements  low. 

Synthesizing  the  PWM  waveforms  for  a  given  frequency  and  voltage  requires 
generating  the  proper  clock  counts  to  the  three  timers  in  the  Pulse  Timer  Module. 
(The  timer  outputs  change  state  each  time  the  counter  reaches  zero.)  In  order  to 
do  this,  some  temporary  values  must  be  defined.  See  Figure  4  for  timing 
relationships. 
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T1  =  time  from  start  of  a  pulse  period  to  the  beginning 
of  the  dominant  pulse. 

T2  =  time  from  start  of  a  pulse  period  to  the  beginning 
of  the  1st  complementary  pulse. 

T3  =  time  from  start  of  a  pulse  period  to  the  beginning 
of  the  2nd  complementary  pulse. 

It  can  be  seen  that  these  times  correspond  to  switching 
times  where: 

T2  =  switching  time  of  the  1st  complementary  pole  voltage 

T1  and  T3  *  switching  time  of  the  dominant  or  2nd 

complementary  pole  depending  on  the  pulse  period. 

The  pulse  lengths  will  vary  proportionally  with  the  amplitude 
of  the  output  sine  wave  during  the  pulse  interval.  Therefore, 
the  stored  pulse  widths  in  the  baseline  sequence  must  be  scaled 
to  the  proper  voltage.  The  scale  factors  are  stored  in  the  scale 
factor  table  contained  in  the  frequency  table  and  are  computed 
such  that: 

SF  -  V  desired 
V  baseline 

The  scaled  pulsewidths  now  become: 

f 

Vqs  ‘Lci'fcSF 

where  t^  and  tQ  are  the  pulse  widths  stored  in  the  baseline 

f 

timing  sequence  for  this  pulse  interval. 


It  can  be  seen  that: 


T1  ■  CP  -  <i/l 
T2  -  T1  + 

T3  -  T1 

In  order  to  resolve  the  phase  polarities  and  keep  the 
optimal  switching  sequence,  for  the  Ith  pulse  period, 

TCli  =  T2 
and,  if  i  is  odd 

TD.  =  Tl. 
i  l 

TC2 ,  »  T3 . 
i  l 

else,  if  i  is  even 

TD.  =  T3. 
l  l 

TC2i  -  T1a 

where  TD^,  TCl^  and  TC2^  are  the  pole  switching  times  of  the 
dominant,  1st  complementary  and  2nd  complementary  phases, 
respectively. 

Now,  since  a  single  timer  controls  each  pole,  the  time 
difference  between  firings  on  each  pole  must  be  computed  and 
saved  in  memory  for  the  pulse  timer  module  controller. 


TDa  = 

>  tda  - 

TDi-l  +  NCLKS 

TC1± 

=  TC^ 

-  TC1i..i ♦ 

NCLKS 

TC2i 

■  TC2a 

-  TC2i-i  ♦ 

NCLKS 
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These  counts  are  computed  for  each  pulse  interval  and 

saved  in  three  memory  buffers,  one  for  each  timer.  Also  saved 

is  the  time  from  the  last  switching  of  each  phase  to  the  end  of 

the  pulse  interval  (NCLKS-TD  ,  NCLKS-TC1  ,  NCLKS-TC2  ) .  This 

n  n  n 

is  done  to  keep  the  phase  relationships  constant  by  forcing  each 
phase  to  execute  an  identical  number  of  clocks  in  a  60° 
segment.  Figure  5  shows  the  contents  of  the  computed  timing 
buffers. 

With  the  timing  counts  now  computed  and  stored  in  memory 
it  becomes  a  matter  of  getting  the  proper  count  to  the  proper 
timer  to  preserve  the  phase  relationships  between  the  line 
voltages.  Each  of  the  three  timers  controls  a  single  phase  of 
the  three  phase  signal. 

When  one  of  the  timers  counts  down  to  zero  it  sends  an 
interrupt  to  the  processor.  At  that  time  the  processor  outputs 
the  next  count  from  the  timing  buffer  to  the  timer  latches, 
checks  to  see  if  this  is  the  end  of  a  60°  segment  and  sets  up 
for  the  next  interrupt.  This  procedure  is  followed  by  each  of 
the  three  timers  until  the  end  of  the  60°  segment. 

At  the  boundary  between  segments,  the  processor  must  resolve 
phases  and  insure  that  the  timer  clock  counts  for  each  of  the 
three  timers  over  the  segment  are  identical.  It  does  this  by 
adding  the  remaining  time  in  the  last  pulse  interval  (e.g.  NCLKS-TDn) 
to  the  first  switching  time  of  the  proper  phase  (e.g.  TC2^)  of  the 
new  timing  buffer  (see  Figure  3).  Also  at  this  time,  the  phase 
identifier  for  the  timer  is  updated  to  reflect  its  new  status. 


DOMINANT 


FIRST  COMPLEMENTARY 


SECOND  COMPLEMENTARY 


FIGURE  5.  TIMING  BUFFER  CONTENTS  AND  SIGNAL  FLOW  FOR  EACH  OF 
THE  THREE  TIMERS 
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The  boundary  between  segments  is  the  only  place  that  a 
new  timing  sequence  can  be  started.  This  maintains  the  integrity 
of  the  system  as  well  as  insures  the  proper  phasing  relationships 
for  all  signals.  Thus,  if  the  same  frequency  were  maintained 
over  a  180°  interval  3  *  NCLKS  counts  would  be  output  to  each  timer. 

Two  separate  and  independent  routines  control  the  synthesis 
of  the  PWM  waveforms.  The  Computer  Timing  Sequence  (CTS)  routine 
accepts  as  inputs  the  voltage  and  frequency  commands,  computes 
the  counts  required  for  the  timer  controller  and  saves  the  counts 
in  a  timing  buffer.  The  Pulse  Timer  Module  Interrupt  Service 
Routine  (PTMIS)  responds  to  interrupts  from  the  timer,  extracts 
the  next  count  computed  by  CTS  routine  from  the  timing  buffer  and 
outputs  it  to  the  timer.  Communication  between  the  two  routines 
requires  two  timing  buffers.  The  CTS  routine  fills  one  buffer 
with  the  new  timing  sequence  while  the  Pulse  Timer  Module 
Interrupt  routine  gets  its  counts  from  the  other  buffer.  At  the 
60°  segment  boundary  the  timer  controller  routine  switches  to  the 
newly  completed  buffer  and  flags  the  CTS  routine  to  begin  a  new 
calculation.  Figures  6  and  7  contain  flow  charts  of  the  two 
routines . 
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Figure  6.  (cont.) 
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Figure  7.  Time  #1  Interrupt  Service  Routine  Flow  Diagram 
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Harmonic  Analysis 

An  harmonic  analysis  of  the  PWM  waveform  was  performed  in  order  to  arrive 
at  an  optimum  pulse  train  within  the  constraints  of  the  modulation  scheme. 
Harmonic  content  was  traded  off  against  the  number  of  PWM  steps  and  the  position 
of  the  power-on  portion  within  each  step. 

Computer  programs  were  created  to  aid  in  the  analysis  and  tradeoff  study. 
These  programs  were  written  in  BASIC  and  were  run  on  both  a  Hewlett  Packard  9830 
and  on  CDC  time  sharing  service. 

The  set  of  pole  switching  times  used  in  the  first  portion  of  the  project 
were  derived  from  the  traditional  PWM  scheme  of  carrier  frequency  triangle 
wave  coincidence  with  the  (sine  wave)  modulation  waveform.  This  scheme  has 
some  weaknesses,  which  are  shown  below. 


Let  f(x)  be  the  modulating  waveform,  and  let  the 
triangle  wave  have  a  frequency  higher  than  f(x).  Then 
Figure  8  represents  one  carrier  cycle. 


Ql]  -f  :  2  A(<-  y=) 

OR 

f3]  bori  cyc/.£  v- 


ok  D  = 


.  fit-,.)  t  fJXil 


-r-  (Xx  -  f,) 
n  T 
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which  is  the  average  value  of  f(x)  from  X^^  to  X2  using  a  trapezoidal  approximation 
but  taken  over  the  entire  period  of  2'T.  That  is,  it  is  the  average  value  of  a 
straight  line  between  f(x^)  and  f(x2),  taken  as  if  fCx^  and  f(x2)  were  at  the 
segment  ends.  Because  this  method  extends  the  slope  of  its  straight  line 
approximation  over  the  entire  integration  interval,  but  bases  it  only  on  the 
value  of  f(x)  at  X^  and  X2,  it  yields  values  higher  than  the  actual  average  for 
curves  with  negative  second  derivatives  and  lower  than  average  for  curves  with 
positive  second  derivatives. 


For  carrier  frequencies  much  greater  than  the  modulating  frequency  this  FVM 
scheme  is  generally  acceptable  due  to  its  ease  of  implementation  in  an  analog 
system.  In  a  digital  system,  however,  such  as  the  one  under  development  here, 
freedom  to  choose  switching  times  without  impacting  the  complexity  of  the 
modulation  scheme  allows  more  accurate  output  waveform  synthesis. 

Since  the  motor  acts  as  an  integrating  filter,  it  is  desirable  to  generate 
the  FWM  such  that  the  duty  cycle  of  each  step  is  proportional  to  the  integral 


of  the  output  sine  wave  over  the  step  period.  A  computer  program  was  used  to 
generate  these  integral  values  for  all  the  possible  numbers  of  steps  to  be 
considered.  The  results  of  the  program,  which  computes 


q  (X  )—  COS  (XI)  -  COS  (X2) 

“  (X1-X2  ^  appears  in  Appendix  D. 

The  harmonic  content  of  the  output  wave  is  of  concern  in  two  areas.  First, 
the  odd  harmonics  must  be  sufficiently  suppressed  for  efficient  forward  operation 
of  the  motor.  Second,  the  output  must  be  easily  conditioned  to  provide  clean 
waveforms  for  flux  calculations. 

A  computer  program  was  written  to  generate  the  desired  PWM  waveform  for  any 
combination  of  the  carrier  and  output  frequencies  of  interest,  and  then  perform 
a  harmonic  analysis  on  the  PWM.  The  on  portion  within  each  step  may  be  chosen  as 
beginning  at  the  start  of  the  step  or  as  being  centered  within  the  step.  Program 
output  includes  harmonic  amplitudes  relative  to  the  fundamental.  For  the  runs 
shown,  levels  below  one  percent  were  suppressed  from  the  printout  for  clarity, 
although  any  printing  threshold  may  be  chosen  when  using  this  program.  The  program 
and  its  output  appears  in  Appendix  C. 

Plotting  and  analyzing  this  output  yielded  a  set  of  PVM  steps  per  output 
cycle  for  each  discrete  output  frequency  from  seven  to  sixty  hertz.  Initially 
all  possibilities  of  steps  per  output  cycle  were  permitted  in  order  to  learn 
what  optimum  combinations  existed.  Then,  due  to  the  mechanization  of  the  modulation 
scheme  in  the  microprocessor,  only  odd  multiples  of  three  steps  per  output  cycle 
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were  allowed  in  the  analysis.  The  elimination  of  some  of  the  even  numbers  of 
steps  caused  large  jumps  in  carrier  frequency  at  the  higher  output  rates.  This 
effect  was  eased  somewhat  by  shifting  all  the  carriers  up  to  an  average  of  about 
700Hz  from  the  previous  540  Hz.  See  Figures  9  and  10. 

One  goal  in  the  manipulation  of  the  harmonic  data  was  to  choose  a  combination 
which  keeps  unwanted  frequencies  in  the  flux  loop  input  down  at  least  30  dB  with 
only  simple  filtering.  With  the  step/output  combinations  finally  chosen,  this 
goal  was  met  with  a  70  Hz  pole  low  pass  filter.  The  design  and  response  of 
the  test  filter  appear  in  Figures  11  and  12. 

As  a  first  test  of  the  harmonic  analysis  and  modulation  scheme,  one  phase 
of  the  processor  output  was  interfaced  with  a  breadboard  filter  and  a  540  Hz 
carrier  with  36  Hz  modulation  was  transmitted  through  it.  The  resultant  sine 
wave  observed  on  an  oscilloscope  looked  good  and  was  delayed  about  4  ms  as 
expected.  Amplitude  control  with  the  processor  was  exercised  satisfactorily. 

The  540  Hz  carrier  was  used  since  values  for  it  had  been  previously  stored 
in  the  processor  memory.  Photographs  of  the  oscilloscope  observations  appear 
in  Figure  13.  Carrier  frequencies  under  500  Hz  produced  unacceptably  distorted 
output  waveforms.  Inspection  of  the  waveform  with  only  9  steps  per  cycle  chosen 
by  the  triangular-intercept  method  showed  distortion  due  to  the  errors  of  that 
scheme. 

Later,  the  one-third  horsepower  three  phase  motor  was  operated  by  processor 
generated  signals  through  a  motor  driver  and  the  phase  A  current  monitored. 

Figure  14  shows  photographs  of  the  sensed  current,  both  filtered  for  processing 
and  unfiltered.  These  waveforms  confirm  the  choice  of  PWM  parameters. 
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•  PWM  Waveform,  2V/CM  i — 

36  Hz  Sine  Wave  Modulation 
540  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

t  Filtered  Output,  IV/CM  I _ .Q 

2  Pole  70  Hz  Filter 


»  PWM  Waveform,  2V/CM  c=> 

36  Hz  Sinewave  Modulation 
540  Hz  Carrier  Horiz. 

Scale:  2  ms/CM 

Filtered  Output,  IV/CM  » 

2  Pole  70  Hz  Filter 


Figure  13  PWM  WAVEFORMS 


•  PWM  Waveform,  2V/CM  < - N 

60  Hz  Sine  Modulation 
540  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

•  Filtered  Output,  IV/CM  t=£> 
2  Pole  70  Hz  Filter 

(Flat-Topping  due  to  Incorrect 
Modulation  Pulse  Widths) 


•  PWM  Waveform,  2V/CM  c=£> 

37  Hz  Sine  Wave  Modulation 
333  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

•  Filtered  Output,  IV/CM  i~  ■  -£> 
2  Pole  70  Hz  Filter 


Inadequate  number  of  PWM  pulses 
per  modulation  cycle  (lew  carrier 
frequency)  causes  roughtoutput  waveform. 


Figure  13  PWM  WAVEFORMS 
(Continued) 
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•  0A  Motor  Current,  0.5A/CM  c — [> 

36  Hz  Sine  Wave  Modulation 
540  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

•  Filtered  Current  Sense,  0. 5A/CM  c£> 
2  Pole  70  Hz  Filter 


•  0A  Motor  Current,  0.5A/CM  czz£> 

37  Hz  Sine  Wave  Modulation 
333  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

•  Filtered  Current  Sense,0.5A/CMt£> 
2  Pole  70  Hz  Filter 


•  0A  Motor  Current,  0. 5A/CM  c=z£> 

60  Hz  Sine  Wave  Modulation 
540  Hz  Carrier  Horiz. 

Scale:  5  ms/CM 

•  Filtered  Current  Sense, 0.5A/CMc[> 


Figure  14  MOTOR  WAVEFORMS 


SYSTEM  OPERATION 


Figure  15  is  a  block  diagram  of  the  overall  system.  In  the  complete 
system,  sensor  conditioners  operate  on  the  current  transformer  and  voltage 
probe  inputs  to  provide  analog  voltages  proportional  to  each  of  the  three  phase 
currents  and  voltages.  Ig  and  Ig  are  added  differentially  and  scaled,  as  are 
and  Vg.  The  four  functions  existing  after  the  scaling  and  addition  processes 
are  then  filtered.  Each  filter  is  identical  so  as  to  impose  the  same  delay 
in  each  signal  path.  Thus,  the  phase  relation  among  the  d-q  variables  resulting 
at  the  output  of  the  filters  is  preserved.  Each  variable  is  converted  to  a 
digital  signal  with  an  8  BIT  A/D  converter  and  is  transmitted  to  the  microprocessor 
through  a  PIA. 

The  microprocessor  and  a  motor  driver  were  interfaced  and  successfully 
operated  a  three  phase  one-third  horsepower  motor  over  three  pre-programmed 
speeds  and  many  amplitudes. 
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Appendix  A 

DERIVATION  OF  AIR  GAP  FLUX  SYNTHESIS  SIGNAL 

Let  applied  voltage  V=  V  lot  and  then  consequent  current  X*  T 

*  < 

and  the  reactive  power  in  one  phase 

W*.  ~  ^  V I  Siv%  <j? 

For  a  3-phase  system 


V  »  v/  s»v»  *o 

ft 

1/^  c-  V  XW 
1^-  I  £^(wF-4) 
Ic  -  I  U^(t.t+2f-4>3 


The  three  phase  system  can  be  expressed  in  terms  of  d  -  q  (direct  and 
quadrature)  variables. 


Three  phase  vector  diagram: 


P/&.  /  b 


I  -  q  equivalent  vector  diagram: 


Va  *  Vq  * 


'  —v 

/  yt. 


X  / 


FiCr.  It- 


f;a.  U 


Products  can  be  formed  for 


and 


as  follows: 


—  \J  X  Uof .  OOo  l^y  -  f) 

-  XU  4  -  VJ  JU  (A^+-4>) 

A  a 

-  Vr  CCm  ujt  .  SU  (u>~  $) 

VJ  rib  —  £T  ^  — 

a.  A 


Each  is  composed  of  a  DC  term  and  an  AC  term  at  twice  the  frequency  of  the  applied 
voltage.  Taking  the  difference  of  the  two  terms  doubles  the  DC  component  and 
cancels  the  AC  components 


S  ^  ~  Vfll  \  ^  ^  <P 
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Thus  it  is  possible  to  generate  a  signal  proportional  to  the  reactive 
power,  Wx,  by  measuring  only  the  voltages  and  currents  at  the  motor  terminals. 

Since  the  real  objective  is  to  maintain  the  component  of  Wx  due  to  1^ 
flowing  in  1^,  Wx<  must  be  broken  down  into  its  component  terms. 

Referring  to  the  equivalent  circuit  (Figure 0.b) 

c  £  T*  Lt  +■  £  JT*  t-J,  t  ■»*  x  ^2. 

The  first  term  is  a  function  of  the  measured  current,  a  fixed  frequency  and  fixed 
inductance  and  is  known.  The  second  term  is  the  desired  component  ol'  Wx  and  the 
third  term  is  a  term  that  is  undefined  unless  can  be  accounted  for. 

Referring  to  the  vector  diagram  of  Figure  2.  C 


A5 


I/*  ^ 


j-7  _  x  a 

1f  ** 


f-  «- 

-  .  j.  t 

*h 


which  allows  substitution  for  I*  in  terms  of  Tt  —  I* 


4o  v  ~ 


^  -  £s^x^,u  +  i  u?7u‘ lt  ^ 


«2  ^Jfe  *  ^  L,  TfX  f'  t*,  l  tvy  ^  *  ^‘u  .  ^  tu,  ./•**  JT  ' 

u,  2L?.  £**1L± 


i.e.,  Wx  is  a  function  of  the  derived  Ijj  and  known  terms  L,,,,  1^,  Lj  and  Wj. 
Thus,  by  operating  on  Wx  1  appropriately  ^  and  hence  the  air  gap  flux  can  be 

determined. 


Rearranging  the  previous  equations  we  have: 

(Lk,  t  (-L  -)  uj,  Xj*’  - 
•2  £  4*-.  *■  X  £~i) 


£ufrXLi  *  — —  ) 

—  £  S,1" .  U),  (l(  +  6v.  ^ 

^-A  ftv  ' 


*,  *»,  -O 


-  ji,1.  a  i/ 


from  which  a  revised  block  diagram  can  be  drawn  to  allow  for  the  required 
reduction  in  Wx  by  a  term  proportional  to  the  reactive  power  that  would  be 


developed  in  an  inductor  +  LmLj/^Lm  +  L^)  if  the  stator  current 

*  I  .  i 

were  to  flow  through  it.  To  compute  W*  -  j  I,  *d,  L  we  can  reduce  the 

voltage  components  of  Wx  by  an  amount  equivalent  to  the  voltage  drop  across  L' 
due  to  I,  flowing.  A  simplified  equivalent  circuit  is  as  follows: 


- 

-nnrwu 


t  t  l"-7L 


Fl6.2d 


\  l 


v,* 


M 


UJj,  —  UJx 


The  feedback  function  is  to  keep  I  constant  for  any  value  set  for  W. 

* 

It  does  this  by  modifying  the  convertor  output  voltage  which  in  turn  causes  a 
change  in  I*,  .  Since  this  is  a  closed  loop  feedback  involving  a  load 

with  transfer  characteristic  T’f'r*  where  T, 


reflects  the  L  time 
R 

constant  of  the  induction  motor  the  feedback  function  will  need  compensation  of 


the  form 


i.e.  an  integrating  term  to  bring  down  the  overall  gain 


US1 

S 

as  frequency  increases  and  a  lead  term  to  compensate  for  the  lag  introduced  by 


the  inductive  time  constant  of  the  load.  This  steers  the  phase  angle  away  from 
-180  until  the  gain  has  become  less  than  unity. 


Figure  3  shows  a  block  diagram  of  a  flux  regulator  loop  following  the 

model  of  Figure  2.  i.e.  without  allowing  for  the  drop  in  L  .  The  scaled 

1  < 

inputs  and  Vjj  f  are  multiplied  together  and  then 

subtracted  to  produce  V  I  (Wx)  which  is  the  control  signal  CTR. 
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This  is  kept  within  bounds  by  a  clamping  circuit  and  is  compared  with  a 

reference  signal.  The  consequent  error  signal,  again  held  within  limits  is  fed 

S  +  2 

to  a  loop  which  provides  the  — g —  function.  The  output  is  again  held 

within  limits  and  is  used  to  modify  the  voltage  control  level  V  *  which 
would  normally  be  kept  constant  for  any  given  input  frequency  W*.  A  microprocessor 
program  for  this  loop  has  been  assembled  and  run  and  is  attached. 

To  account  for  the  voltage  drop  in  and  use  the  model  of  Figure  4, 
a  term  (  jw  %  L'  )  must  be  subtracted  from  each  voltage  input.  This 
adds  an  extra  subroutine  in  the  program  to  multiply  fcj  and  kf  T.4 

by  the  factor  if  and  <9^  and  subtract  them  from  Vd  and  Vq. 


< 
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Loop 


Implementing  the  Integrator 

The  accumulated  error  signal  (CUM)  is  defined  as: 


CUM 


/ * 


This  can  be  computed  as : 


X  ERROR  dt 


CUM  =  CUM  +  2  X  ERROR  X  A  T 


Assuming  a  flux  loop  cycle  time  of  .005  seconds  the  factor  2  X  At  =  .01. 
In  order  to  take  advantage  of  the  binary  nature  of  a  computer,  where  multi¬ 
plication  and  division  by  powers  of  2  are  merely  shift  operations,  it  is 


convenient  to  estimate:  2  X 

At  =  .01 

'k. 

(  1  +  . 

1  > 

128 

256  J 

The  integration  equations  then  become: 

CUM  *  CUM  +  ERROR 

+  ERROR 

and 

the  ERROR 

128 

256  / 

signal  is  shifted  and  added 

as  required 

to 

compute  the  error 

increment  for  the 

time  interval. 
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LDft 

B 

tt*4D 

MAX  VSTftR  <  =6V > 

00098 

0168 

11 

CB  ft 

CLAMP  VSTftR  TO  +6V 

00099 

0169 

2B 

01 

BI-1I 

+■+3 

00100 

016B 

17 

TBft 

00101 

G16C 

B7 

04 0D 

STft 

ft 

VSTftR 

SAVE  VSTftR 

00102 

016F 

7E 

01001 

JMP 

START 

REPEAT  PROGRAM 

A15 


t  I'!'  .4  IJH_ 
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* 

00100 

*  SMPV 

— SIGNE' 

■  MULTI PLV  ROUTINE 

00106 

0010? 

■t: 

00103 

*  CALLING  5 

:ec» 

JENCE  JSR  SMPV 

0010? 

*  INPUTS: 

AC 

:A~MIJLT  I  F'L  I  LAND 

00110 

AC'. 

:b=multiplier 

00111 

*  OUTPUTS: 

16 

BIT  PRODUCT  IN  ACC A,  ACCB 

00112 

* 

00112 

0172 

87 

040E 

SMPV 

STB 

A 

MCAND  SAVE  MULTIPLICAND 

001 14 

0175 

4F 

CLP 

A 

IN IT  RESULT 

00110 

0176 

CE 

0008 

ldx 

#8  8  BITS 

00116 

+• 

00117 

0179 

C5 

01 

SMPVl 

BIT 

B 

#1  TEST  LSB  OF  MULTIPLIER 

00118 

01 7B 

►I  i 

05 

BED 

SMPV2  IF  ZERO,  NO  ADD 

00119 

017D 

BB 

040E 

ODD 

A 

MCAND  ADD  MULTIPLICAND  TO  PARTIAL 

00120 

0180 

29 

02 

BVS 

SMPV?  TEST  FOR  ARITH  OVERFLOW 

00121 

0182 

47 

SMPV2 

ASF' 

A 

EXTEND  SIGN 

00122 

0182 

49 

POL 

A 

00122 

0184 

46 

SMPV  2 

FOR 

A 

POSITION  PARTIAL  RESULT 

00124 

0135 

56 

POP 

B 

00 1?5 

0:1.86 

09 

DEM 

COUNT  BITS 

00126 

0187 

26 

F0 

BNE 

SMPVl  GO  BACK  IF  MORE  BITS 

00127 

+: 

00128 

0189 

24 

02 

BCG 

SMPV 4  TEST  SIGN  OF  MULTIPLIER 

00129 

0138 

B0 

040E 

SUB 

A 

MCAND  IF  NEG,  ADJUST  RESULT 

00120 

01 8  E 

29 

SMPV4 

RTS 

RETURN 
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IHIjk 

i.iii4 

i  uj:  . 

00132 

i:uji  33: 

*  CLftHP — SUBROUTINE  TO 

CLftHP  ftCC  ft  TO  ftC 

00134 

mm  135 

*  INPUTS: 

fit L  ft -VALUE 

TO  BE  CLflHPED 

Mi  ll  ~6 

+■ 

AC  CB-CLftMP 

VALUE  -.MUST  BE  POSIT IV 

00137 

00133 

+  OUTPUTS: 

IF  <flCCft  >  ftCCB >  THEN  ftCCft=ftCCB 

00139 

iFCftccft  <:  - 

ftCCB >  THEN  ACCft=-ftCCB 

00140 

+■ 

ELSE  ftCCft  I 

S  UNCHANGED 

00141 

* 

00142 

01 8  F 

8ft 

00 

CLftHP  OPft 

ft  #0 

TEST  SIGN  OF  ft 

00143 

0191 

2B 

05 

BUI 

CLMP1 

BRANCH  IF  NEG 

00144 

+ 

00145 

0193 

11 

C  Bft 

COMPARE  ACCUMULATORS 

00143 

0194 

2B 

01 

BMI 

*+3 

IF  MINUS  ft  IS  OK 

00147 

0196 

17 

TBft 

ELSE  SET  ACCft=ftCCB 

00143 

0197 

39 

RTS 

RETURN 

00149 

00150 

0193 

58 

CLHF‘1  NEC 

B  NEGATE 

CLAMP 

00151 

0199 

11 

CBft 

COMPARE  ACCUMULATORS 

00152 

019ft 

2ft 

01 

BPL 

:+:+3 

IF  PLUS  ft  IS  OK 

00153 

019C 

17 

TBft 

ELSE  SET  ftCCft=-ACCB 

00154 

0190 

50 

MEG 

B  RESTORE 

ftCCB 

00155 

01 9  E 

T;  *1| 

RTS 

RETURN 
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flu;: 

0O157  + 

00158  *  DEFINE  DATA  LOCATIONS 

00159  + 


001 6  Q 

04OO 

UPU 

4-100 

Q0161 

0400 

00 

IJD 

FOB 

0 

INPUTS  03  BIT  VARIABLES) 

00162 

0401 

00 

ID 

FCB 

0 

00163 

04O2 

00 

IJQ 

FCB 

0 

00164 

04O3 

00 

IQ 

FCB 

0 

OOl  65 

0404 

0000 

LI  I D 

FDB 

0 

IJD* ID  Cl 6  BITS) 

00166 

0406 

00 

ERROR 

FCB 

0 

ERROR  SIGNAL 

001.67 

04O7 

0000 

ER256 

FDB 

0 

ERROR/256  <16  BITS) 

00168 

0409 

0000 

CUN 

FDB 

0 

CUMULATIVE  ERROR  <16  BIT: 

010169 

O40B 

00 

C  ERR 

FCB 

0 

COMPENSATED  ERROR 

00170 

04  OC 

00 

FSTRP 

FCB 

0 

FREQ  REF 

00171 

O40D 

00 

VS  TAR 

FCB 

0 

VOLTAGE  REQUEST 

00172 

04  GE 

00 

MCAND 

FCB 

0 

MULT I PL  I C AND  STORAGE 

00173 

O0174 

+: 

END 

TOTAL  ERRORS  06000 
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BASIC  ASPECTS  OF  THE  MODULATION'  MECHANISM 

The  type  of  pulse  width  modulation  studied  applies  to  inverter 

systems  made  up  of  three  thyristor  poles  as  shown  on  Figure  1,  forming  a 

"3-phase  bridge"..  The  poles  are  connected  across  a  dc  link  E^,  consisting 

of  a  dc  source  of  fixed  magnitude.  It  is  practical  to  define  the  pole 

output  voltages  V  ,  V  and  V  ,  relative  to  the  mid-point  voltage  0  of 
AO  BO  CO 

the  dc  source,  here  termed  dc  neutral.  Therefore,  the  dc  source  is  repre¬ 
sented  by  two  batteries  of  fd/l  volts  each,  although  in  an  actual  sys¬ 
tem  the  dc  neutral  may  not  be  physically  accessible.  Each  transistor  has 
a  free-wheeling  diode  in  antiparallel  connection  and  the  firing  sequence 
is  such  that  as  one  transistor  in  a  given  pole  is  turned  on,  the  reciprocal 
one  in  the  same  pole  goes  off.  Therefore,  the  transistor  system  of  Figure  1 
can  be  represented  by  a  bi-directional,  double  throw  switch  ,ystem 

The  switches  are  periodically  and  independently  activated 

from  one  position  to  the  other,  connecting  alternately  the  positive 

and  negative  terminal  of  the  dc  source  to  the  load  buses.  The  object 

of  the  modulation  strategy  is  to  perform  the  switching  with  such  timing 

and  sequence  that  at  the  terminals  of  the  load  a  3-phase  ac  voltage  appears 

whose  fundamental  component  has  the  desired  amplitude  and  frequency, 

and  whose  other  components  have  a  minimum  of  unwanted  side  effects.  In 

addition  to  the  pole-to-neutral  instantaneous  voltage  V  ,  V  and  V 

AU  dU  LU 

("pole  voltages")  ,  the  instantaneous  pole-to-pole  voltages  and 

V  ("line  voltages")  can  also  be  considered. 

GA 
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It  can  be  seen  that  a  given  pole  voltage  can  assume  only  two 
discrete  levels, /Z  or -Ej/Z  ,  or  for  brevity,  +  and  On  the 
other  hand,  a  line  voltage  can  assume  three  discrete  levels,  a  +  level 
corresponding  to  +E^  volts,  a  -  level  corresponding  to  -Ed  volts  and  a 
0  level,  obtained  when  the  two  corresponding  poles  are  in  the  same  state. 

While  there  is  no  limitation  in  our  freedom  to  impose  to  each 
one  of  the  three  pole  voltages  either  of  the  two  possible  levels  we  desire 
the  situation  is  different  as  far  as  the  line  voltages  are  concerned. 

In  this  case,  imposing  a  given  level  to  one  of  the  line  voltages  inter¬ 
acts  with  the  freedom  of  the  others  to  assume  any  level.  This  is  the  inter 
phase  compatibility  constraint,  better  illustrated  by  considering  the 
following  table,  listing  on  the  left  side  all  the  possible  combinations 
of  levels  that  one  can  confer  to  the  pole  voltages  (8  in  all,  one  per  tow) 
and  on  the  right  side  the  corresponding  combinations  of  line  voltage 
levels  that  result  from  the  imposed  switch  configurations. 


Whenever  a  line  voltage  has  one  of  the  three  possible 


levels  (+,  -  or  0) ,  the  other  two  line  voltages  must  have  the  other  two 
possible  levels,  excluding  the  possibility  for  two  or  three  line  voltages 
to  share  the  same  level.  An  exception  to  the  rule  is  the  "all  zero"  combi¬ 
nation  of  line  voltages,  for  which  there  are  two  pole  combinations. 

Hexamerous  Symmetry  of  the  Output  Cycle 

Considering  the  fundamental  component  of  each  of  the  three  line 

voltages  (sine  waves  E._,  E  and  E  ,  Figure  2),  one  entire 

Ad  BC  CA 

output  cycle  can  be  divided  in  six  identical  segments,  such  as  the  one 
comprised  between  the  vertical  axes  XX  and  YY.  In  each  segment,  one  of 
the  line  sine  waves  is  peculiar  in  that  it  rides  through  its  crest  with  a 
given  polarity,  whereas  the  others  rise  from  zero  or  decline  to  zero  over 
the  segment  with  opposite  polarity.  We  shall  call  "dominant"  line  volt¬ 
age  in  any  given  segment  the  line  voltage  whose  fundamental  sine  wave 
rides  through  its  crest  in  the  considered  segment.  The  other  two  line 
voltages  shall  be  called  "complementary"  line  voltages.  The  "first  comple¬ 
mentary"  line  voltage  is  the  one  whose  fundamental  rises  from  zero  in  the 
considered  segment.  The  "second  complementary"  line  voltage  is  the  one 
whose  fundamental  declines  to  zero  in  the  considered  segment.  In  the 
segment  between  the  XX  and  YY  axes,  Figure  2,  E._  is  the  fundamental  of 
the  dominant  line,  and  E  is  the  fundamental  of  the  1st  complementary 

vA 

line.  Because  the  segments  repeat  themselves  each  60°  interval,  with 
identical  relationships  between  dominant  and  complementary  lines,  it  suffice? 
to  consider  a  single  segment  to  study  the  modulation  requirements.  The 
relationships  of  interest  are  as  follows:  dominant  and  complementary 
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lines  always  have  opposite  polarity,  except  at  the  segment  borderline. 

The  dominant  always  exceeds  either  complementary  in  absolute  value.  Both 
complementary  lines  have  same  polarity.  At  any  instant,  the  absolute  values 
of  the  two  complementary  lines  add  up  to  the  absolute  value  of  the  domi¬ 
nant. 

Since,  at  any  given  time  the  three  line  voltages  are  riding 
through  one  of  the  segments  of  the  output  cycle,  one  of  them  is  dominant 
at  that  time  and  the  other  two  are  complementary.  The  modulation  mech¬ 
anism  must  be  capable  of  manipulating  one  of  the  line  voltages  through  a 
60°  interval  according  to  rules  that  confer  to  it  the  role  of  dominant  line, 
and  at  the  same  time  it  must  be  manipulating  the  other  two  as  required  to 
confer  to  them  the  proper  complementary  role. 

Pulse  Polarity  Consistency  Rule 

Even  without  entering  into  the  details  of  the  waveform  harmonic 
analysis,  one  can  state  a  sensible  ground  rule  that  the  modulation 
strategy  should  follow.  That  is,  the  pulses  which  form  the  pole-to-pole 
waveform  should  have  a  consistent  polarity  throughout  one  half  cycle  of 
the  fundamental  sine-wave.  This  means  that  the  components  of  the  string 
of  pulses  which  make  up  the  positive  (or  negative)  half  wave  can  be  of 
variable  duration  or  variable  spacing  to  suit  the  modulation  requirements, 
but  should  all  be  positive  (or  negative).  Figures  3a  and  3b  illustrate 
the  concept.  Both  waveforms  were  carefully  constructed  to  have  the 
same  fundamental  amplitude,  frequency  and  phase,  and  the  same  number  of 
pulses,  but  Figure  3a  conforms  to  the  polarity  consistency  rule  and 
Figure  3b  does  not  conform.  The  non-consistent  pulses  of  Figure  3b  have 
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no  effect  on  the  fundamental,  being  offset  by  corresponding  width 
variations  of  the  consistent  pulses*  However,  they  adversely  affect  the 
high  order  harmonic  spectrum  and  should  be  avoided  by  using  a  proper  modula¬ 
ting  mechanism. 


Optimal  Pole  Switching  Sequence 


The  above  rules  and  principles  can  be  applied  to  find  out  in  which 
order  the  three  poles  should  typically  change  state.  Assume  that  at  a 
given  instant  line  voltage  V  is  dominant  and  its  fundamental  is  positive. 

will,  therefore,  be  made  up  of  a  series  of  positive  pulses,  one  of 
which  is  represented  on  Figure  4  with  a  width  t^. 

a.  During  time  td>  the  two  complementary  lines  can  only  be 
negative  or  zero,  as  shown  in  the  table  of  permissible  levels. 

One  could  be  negative  for  the  t^  duration  and  the  other  zero  for  the  same 
duration.  However, to  play  their  complementary  role,  they  should  both 


be  negative  on  the  average  during  td<  Therefore,  one  of  them, V  for 

instance,  should  become  negative  at  the  beginning  of  the  t.  duration, 

d 

and  stay  in  that  state  for  a  time  t  after  which  V  returns  to  the 

Cl  — .  BC 

zero  level  and  becomes  negative  for  a  time  t ^  (Figure  4),  such 


that  tCl  +  CC2 


t  ,.  The  ratio  of  times  t  ,  and  t  „  should  be  the  same 
a  Cl  C 1 


as  the  ratio  between  the  two  complementary  lines'  fundamental  voltages  at 


the  considered  instant,  and  is,  therefore,  a  function  of  the  angular 


position  of  the  dominant  pulse  within  the  output  cycle  segment. 


b.  Before  and  after  time  td>  when  the  dominant  line  is  zero, 
the  two  complementaries  must  also  be  zero.  For  the  only  other  per¬ 
missible  combination  of  levels  would  be  that  one  complementary  is 
positive  and  the  other  negative,  but  this  violates  the  pulse  polarity 
consistency  rule. 
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c.  Before  the  initiation  of  a  dominant  pulse,  the  all-zero 
combination  of  line  levels  must  be  achieved  with  one  of  the  following 


pole  state  combinations: 


A  =  (+) 

B  =  (+) 

C  =  (+) 

(1) 

/-N 

1 

II 

< 

B  =  (-) 

c  =  (-) 

CM 

V-/ 

Assuming  state  (1),  to  generate  the  dominant  pulse, 

pole  B  must  switch  from  B  =  (+)  to  B  =  (-)  at  the  beginning  of  the  time 

t^  (see  Figure  4)  and  then  A  and  B  must  stay  in  their  respective  states 

for  the  duration  of  t,.  At  some  instant  during  t  ,,  determined  by  the  t„„/t 

d  d  Cl  C, 

ratio  requirement,  pole  C  must  follow  the  transition  of  B,  i.e.,  must  switch 
from  C  =  (+)  to  C  =  (-) .  At  the  end  of  time  t^,  all  poles  must  assume 
the  same  state,  and  the  most  economical  way  of  accomplishing  that,  in  terms 
of  total  number  of  switchings,  is  to  have  pole  A  following  the  transitions 
of  B  and  C,  i.e.,  switching  from  A  =  (+)  to  A  *  (-) . 

d.  The  above  reasoning  shows  that  from  a  situation  such  as 
A  =  (+)  B  -  (+)  C  *  (+)  (1) 

a  dominant  positive  pulse  is  generated  by  changing  the  state  of  the  poles 
in  the  sequence  (B-C-A) ,  ending  up  with  the  following  situation: 

A  =  (-)  B  -  (-)  C  =  (-)  (2) 

Similarly  from  situation  (2),  the  next  dominant  positive  pulse 

can  be  generated  by  changing  the  state  of  the  pulses  in 

the  sequence  (A-C-B)  ending  up  with  the  original  situation  (1). 

The  optimal  pole  commutation  sequence  is,  therefore,  B-C-A, 

A-C-B,  B-C-A,  A-C-B,  etc.,  resulting  in  the  "nested"  or  "encased"  pole-pole 

00 


waveform  configuration  of  Figure  5.  The  sequence  should  continue  un¬ 
changed  throughout  an  output  cycle  60°  segment.  At  the  boundary  between 
segments,  after  a  permutation  between  the  role  of  the  poles,  accounting 
for  the  fact  that  another  line  becomes  dominant,  a  similar  sequence  takes 
effect. 


The  following  table  therefore  applies: 


Dominant  Line  Voltage 
in  the 

Considered  Segment 

1  Polarity  of  the  j 
!  Dominant  Fundamental  ' 
|  in  the 

Considered  Segment 

Optimum 

Pole  Commutation 
Sequence 

V 

!  + 

BN  , 

cN, 

A\  , 

k*. 

C/', 

E 

AB 

1  ; 

AN  , 

CN  , 

BN  , 

B^  , 

cr  , 

V 

V 

i  + 

i 

cN  , 

AN  , 

BN  , 

B/*  , 

A/  . 

C 

BC 

i 

BN  , 

“SnT 

CN  ", 

O  , 

A/»  , 

6;» 

V 

i  + 

AN  , 

BN  , 

CN  , 

C^  , 

B/'  , 

A.  . 

CA 

i  i 

1 

CN  , 

BN  , 

AN  , 

A^  , 

V  . 

C^ 

BN  means:  pole  voltage  V  commutates  from  the  (+)  level 

BU 

to  the  (-)  level 

k*  means:  pole  voltage  commutates  from  the  (-)  level 
to  the  (+)  level 


1 
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Assume  a  60  interval  such  as  that  shown  in  Figure  2.  Generation  of 

the  output  voltage  of  the  dominant  phase  will  require  a  series  of  pulses. 

The  more  pulses  that  can  be  used,  the  closer  the  output  current  can  be  made 

o 

to  approach  a  sine  wave.  Divide  the  60  interval  into  an  arbitrary  number 

of  pulse  intervals  t  There  will  be  a  pulse  of  length  t^ _ (where  td 

varies  across  the  60°  interval)  in  each  pulse  internal  t  ^  and  also  the 

complementary  pulses  t^,  t  j  f°r  the  other  phases.  The  dominant  pulse 

length  td  will  vary  such  that  x  t^  in  any  pulse  internal  t  will  equal 

the  volt  time  interval  (  J Vdt)  of  the  desired  sine  wave  during  the  corresponding 

t  ,  interval. 

Pi 


The  pulse  'idth  is  then  a  sinusoidal  function  of  time.  Similarly  t  and 
t^  are  sinusoidal  functions  of  time  across  the  60°  interval.  To  vary  the 
amplitude  of  the  desired  output,  the  pulse  width  of  all  the  pulses  is  varied 
by  a  constant  multiple,  thus  preserving  the  sinusoidal  relationship  across  the 
60°  interval.  The  maximum  amplitude,  while  still  generating  a  'sine  wave'  of 
current  in  the  output,  is  reached  when  one  t^  pulse  fills  the  whole  interval  and 
'saturation'  is  reached. 


It  is  now  possible  to  develop  techniques  for  generating  pulse  patterns 
that  implement  the  generalized  FWM  strategy.  The  traditional  analog  technique 
which  produces  waveforms  that  fit  the  rules  for  optimum  modulation  strategy  uses 
a  triangular  carrier  waveform  which  is  compared  with  3  phase  reference  waveforms 
and  switches  each  pole  -  or + depending  on  whether  the  triangle  is  greater  than  the 
reference  for  that  phase  or  smaller.  At  one  fixed  frequency  a  fixed  number  of 
carrier  cycles  can  be  fitted  inside  a  reference  waveform  half  cycle.  For 
variable  frequency  systems  unsymmetric  pulse  patterns  (with  the  effect  of  low 
frequency  components  in  the  output)  arise  as  non-integral  numbers  of  carrier 
cycles  fit  inside  a  reference  half  cycle. 
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The  use  of  digital  techniques  permits  an  approach  which  guarantees  a  proper 
number  of  tp^  intervals  in  each  60°  interval  and  avoids  the  low  frequency  beat 
problem.  The  steps  for  generating  the  waveforms  for  a  digital  approach  are 
outlined  below. 

o  Set  desired  output  frequency. 

o  Look  up  (in  Read  Only  Memory)  optimum  number  of  tpi  for  this  frequency. 

o  Look  up  (in  ROM)  base  value  for  td,  tcj  tc£  for  each  tpj.. 

o  Input  desired  output  voltage. 

o  Multiply  td,  tci ,  tc2  pulses  with  voltage  factor. 

o  Decide  which  phase  is  dominant  this  60°  interval.. Output  pulse  train 

to  power  stage. 
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Estimating  the  Pole  Firing  Times 


A  Fortran  program  was  written  for  a  Data  General  Nova  Computer  to 
compute  the  switching  times  for  each  of  the  three  poles.  A  triangle  wave  was 
simulated  and  each  of  the  three  phases  of  the  sine  wave  was  compared  to  it. 

A  summary  print  out  displayed  the  crossover  times  for  the  signals  as  well  as 
their  approximate  values,  switching  sequence  and  pole  and  line  voltages. 

See  Figures  8-  12.  for  a  sample  output. 
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APPENDIX  C 


HARMONIC  ANALYSIS  PROGRAM 

The  program  appears  on  the  following  page.  Note  that  the  outputs  actually 
published  in  this  appendix  do  not  print  "n  DB  threshold  for  printout"  and  do 
"m  integration  steps  per  increment".  Those  differences  from  the  program  included 
herein  exist  because  the  printout  shown  is  taken  from  an  earlier  version  of  the 
harmonic  analysis  program  which  is  substantially  the  same  as  the  one  published. 

A  sample  of  the  output  of  the  latest  program  is  shown  below. 


H fi P i  1 0 i 1 1  C  ft i -I li L ’ i  S I 8  0 F  8  V M  i  H E 8  i  • : E D  S 1  ME  i-jR  V E  U S I  f \ G 

CON ST HUT  AMPLITUDE  Fiih  WAVEFORM <  H$  IN  DEVELOPMENT  MOTOR  CONTROL 


9  PWrl  INCREMENTS  PER  OUTPUT  CYCLE 

60  HZ  OUTPUT  FREQUENCY 

-40  DB  THRESHOLD  FOR  PRINTOUT 

PUN  INCREMENTS  CENTERED 


COMPONENT 

60  HZ 
ISO  HZ 
360  HZ 
480  HZ 
00  HZ 
20  HZ 
30  HZ 
340  HZ 
900  HZ 


ABS  AMPLITUDE 

0. 758347572 

0 . 03 : 593763 
O. 10302O575 
0 . 2420792 1 2 
0 . 076857 1 95 
0. 16252608O 
0 . 06495 1 990 
U  ■  0  i  4  9  4- 1  6  3  4 
0  .  1  U  2  2  1  6  2  1  5 


PEL  AMF'L.1  I  UDE 
1 

O . 04 1 66 1 330 
O.  13584::  757 
0. 319219341 
0. 101343245 
0.21 43 1 6082 
0  ■  0  0  5  6  4  9  2 11 1 1 
0. 098822344 
O. 134788214 


PEL  Rl-lP L  IN  DB 
0 

-27. 60533744 
-17.  :  : 308 6 6 1 
-9 . 9 1 82 1 605 7 
-19. oC 367535 
-13.  37890480 
-21 . 3455 1 684 
-20. 1U289702 
-17. 40696 1 6 1 


10  PRINT  "HARMONIC  ANALYSIS  OF  SYNTHESIZED  SINE  NAVE  USING" 

20  PRINT  "CONSTANT  AMPLITUDE  PWM  WAVEFORM?  AS  IN  DEVELOP MEN!  MOTOR  Cm,, 
30  PRINT 
40  PRINT 

MA  D I M  Cl  1 00  1  ?  Et  1 OO  ]  ?  GI  1 0O  ]  ?  JC  100]?  SC  1 00  ] 
rOR  M=1  TO  100 
::[  M  ]=0 
EC  M  ]=0 
EC  M  ]=0 
JC M  ]=0 
SC  M  3=0 
WENT  M 

DISP  "SPEED  OUT?  HIGHEST  HARMONIC"? 

INPUT  S'?  H 

DISP  "TYPE11  1  ’  IF  INCREMENTS  ARE  CENTRD" 

WAIT  1000 

DISP  "TYPE  J0»  OTHERWISE"? 

WAIT  1000 
INPUT  Q 

DISP  "NO.  OF  INCREMENTS/ OUTPUT  CYCLE"? 
i  INPUT  H 

'  DISP  "AMF'L.  THRESHOLD  FOR  PRINTOUT (DEO "  ? 

15«  INPUT  Y 
159  Y 1  =  10  T (  Y/20 ) 

'  X 1  =  2  *  P I  N  —  - 

P  R I N  T  N  ?  "  F  W  M  I N  C  R  E  M  E  N  T  S  P  E  R  0  U  T  P  U  T  C  Y  C  L  E " 

P P I N T  S 5 "HZ  0 U T P U T  F R E Q U E N C Y ' ' 

PRINT  Y?  "DEi  THRESHOLD  FOR  PRINTOUT" 

IF  0=0  THEN  2O0 

PRINT  "  PWM  INCREMENTS  CENTERED" 

GOTO  210 

PRINT  "  PWM  INCREMENTS  LEFT  SIDE  JUSTIFIED" 

PRINT 

PRINT 

PR  I  NT  "  COMPONENT "  ?  "  ABS  AMF'L  I TUDE"  ?  "  REL  AMF'L  I  TUBE"  ?  "  REL  AMF'L  I N  DB " 
PRINT 

FOR  Z1  =  0  TO  (2+F'l-Xl)  STEF'  XI 
D  =  < C 0 S ( ZD- C 0 S !  Z  1  +  X 1  >  > / X 1 
.  .  FOR  M= 1  TO  H 

344  IF  0=0  THEN  349 

345  Z8=Zl+<l-D>*Xl/2 
GOTO  350 

1  ZS=Z 1 

i  C  C  M  3= C  0 S  <  Z S'  *  M  >  / M  -  C  0  S  <  M  *B* X 1  +  M  *  Z 3  >  /  M 
G C  M ] = S I N  < M *D* X 1 +M*Z 8 > / M - S I N C Z S * M  > / M 
JC  M  3  =  JC  M  3+GC  M  3 
EC  M  ]=EC  M  3+CC  M  3 
NEXT  M 
NEXT  Z1 
FOR  M= 1  TO  H 
S  C  M  3 = S  Q  F:  <  E  C  M  3  T  2 + J  C  M  3 1 3 ') 

IF  SC  M3 /SC  1 3  .  Y 1  THEN  440 

PRINT  M*SS "HZ" ?  SC M  3/4?  SC M  ]/SC 1 3?  20*LGTCSC M  3/SC  1  ]> 

NEXT  M 

PRINT  " - 

END 


C2 


/am 


?5  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
7  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

7 

. 784978 

100 

0 

490 

2. 09044E-2 

2. 66306 

-31.4924 

■504 

. 162348 

20.6818 

-13.6882 

518 

. 152733 

19.4569 

-14.2135 

532 

. 132432 

16.3707 

-15.4573 

546 

.  1 6999 

21 . 6554 

-13.2887 

560 

3. 17172E-2 

4. 04052 

-27.8713 

595 

2. 17304E-2 

2.76329 

-31. 1553 

6  09 

. 163155 

20.7347 

-13.6451 

623 

. 150953 

19.2303 

-14.3203 

637 

.  1 34  044 

17. 0761 

-15.3522 

651 

. 169526 

21.5962 

-13.3124 

665 

3. 07466E— 2 

3.91687 

-28. 1412 

1  001 

3. 36916E— 2 

4.29205 

-27.3467 

1015 

9. 45968E-2 

12. 0509 

-18.3796 

1029 

1.7273 IE -2 

2.20045 

-33. 1498 

1  043 

5.62196E-2 

7. 16193 

-22.8994 

66  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE— 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

3  HZ  OUTPUT  FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

3 

. 784856 

1  0  0 

0 

488 

2. 02416E-2 

2.57902 

-31.7709 

504 

. 161665 

20.5981 

-13. 7235 

52  0 

.  1542 

1 9. 6469 

-14. 1341 

536 

. 131124 

16. 7067 

-15.5422 

552 

. 170344 

21.7038 

-13.2693 

560 

2. 091 13E-2 

2.66435 

"-3 1.4882 

563 

3.251 19E-2 

4. 1424 

-27.655 

576 

. 162352 

20. 6856 

—13. 6867 

592 

. 152735 

19. 4602 

-14.2171 

608 

. 132431 

16.8732 

-15.456 

624 

. 169939 

21.6587 

-13.2874 

640 

3.  17167E-2 

4. 04109 

-27.87 

630 

2. 1 7306E-2 

2.76874 

-31 . 1544 

696 

. 163155 

20.7879 

-13.6438 

712 

. 150954 

19.2333 

-14.3189 

728 

. 134044 

17. 0788 

-15.3509 

744 

. 169526 

21.5996 

-13.3111 

760 

3 ■  07  466E-2 

3.91748 

-28. 1399 

1000 

. 032916 

4. 19389 

-27.5477 

1016 

9. 46747E-2 

12. 0627 

-18.3711 

1032 

1 . 36955E-2 

2.38203 

-32.461 

1048 

5 . 66596E-2 

7.21911 

-22.8303 

1064 

4. 98152E-2 

6.34705 

-23.9486 

1  096 

8. 99023E-2 

11.4547 

-18.8203 

1112 

4. 52183E-2 

5.76135 

-24.7895 

1144 

3. 21975E-2 

4. 10234 

-27.7394 

1160 

9. 44492E-2 

12. 034 

-18.3918 

1176 

1 . 72628E-2 

2.  ♦INTERRUPTED^  .... 

HARMONIC  ANALYSIS  OF  SYNTHESIZED  SINE  WAVE  USING 
CONSTANT  AMPLITUDE  PWM  WAVEFDRM. 


60  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
9  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

9 

. 784742 

100 

0 

495 

1 . 96967E— 2 

2.50996 

-32. 0067 

519 

. 16108 

20.5265 

-13.7537 

531 

. 155427 

19.8061 

-14. 064 

549 

. 130045 

16.5718 

—15. 6126 

567 

. 170629 

21.7434 

-13.2535 

585 

3. 31944E-2 

4.22998 

-27.4732 

54  PWM  INCREMENTS  PER  OUTPUT 

CYCLE 

5  INTEGRATION 
10  HZ  OUTPUT 
PWM  INCREMENTS 

STEPS  PER  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

10 

. 784588 

1  0  0 

0 

490 

1 . 90428E-2 

2.42711 

-32.2982 

510 

•  1 6  0%6 

20.4395 

-13. 7906 

530 

.  157808 

20. 1135 

-13.9302 

550 

. 1 09039 

13.8976 

-17. 1412 

570 

9. 87375E-3 

1 . 25846 

-38. 0032 

590 

. 121404 

15.4736 

—■  1  &  •  500c* 

610 

. 1 33283 

16. 9877 

-15.3973 

630 

. 170823 

c  1  •  7  7  2 3 

-13.2419 

65  0 

3.  32  023E-2 

4.23181 

-27.4695 

48  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 

5  INTEGRATION  STEPS  PEP  INCREMENT 

11  HZ  OUTPUT  FREQUENCY 

PWM  INCREMENTS  CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

11 

.  784373 

1  00 

0 

473 

1 . 82408E-2 

2.32552 

-32.6696 

495 

.  159418 

20.3242 

-13.8397 

517 

.  159642 

20.3528 

-13.8275 

539 

.  108071 

13.778 

-17.2163 

561 

1 . 09629E-2 

1 . 39766 

-37. 092 

583 

.  12274 

15.6482 

-16. 1107 

605 

. 1 1 252 

14.3453 

-16.8658 

627 

1. 0094 IE— 2 

1 . 2869 

-37.8091 

649 

.  121394 

15.4766 

-16.2065 

671 

.  133283 

16.9923 

-15.3949 

693 

.  170823 

21.7783 

-13.2395 

715 

3.  32022E-2 

4.23295 

-27.4671 

45  P W M  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
12  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 


ABS  AMPLITUDE  P.C.  REL  FUND  DB  REL  FUND 


12 

. 784232 

100 

0 

4  SO 

1 . 77639E-2 

2.26577 

-32.8957 

504 

.  158821 

20.2518 

-13.8707 

516 

1 . 82374E-2 

2.32551 

—32. 6696 

523 

.  159995 

20.4015 

-13.8068 

540 

. 159402 

20.3259 

-13.339 

552 

.  126151 

1 6 . 0859 

-15.8711 

564 

. 159636 

20. 3553 

-13.3263 

576 

. 171551 

21.875 

-13.201 

588 

•  1 08 088 

13. 7799 

-17.2151 

600 

3. 56977E— 2 

4.55193 

—26. 8361 

612 

1 . 09602E-2 

1 . 39757 

-37. 0925 

636 

. 122741 

15.6512 

-16.1091 

66  0 

. 11252 

14. 3477 

-16.8643 

684 

1 . 00938E-2 

1.28709 

-37.3078 

708 

.121 394 

15.4794 

-16.2049 

732 

.  133233 

16.9954 

-15.3934 

756 

. 170823 

2 1 . 7322 

-13.233 

730 

3. 32022E-2 

4.23372 

-27. 4656 

39  PI.JM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
13  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 


ABS  AMPLITUDE  P.C.  REL  FUND  DB  REL  FUND 


13 

. 783847 

100 

0 

442 

1 . 66339E-2 

2. 12209 

-33.4647 

463 

. 157347 

20. 0738 

-13.9474 

494 

. 1 635 1 6 

20.3607 

-13.6134 

520 

.  1 06  033 

13.5272 

-17.3758 

546 

1 . 31738E-2 

1 . 68 1 3 

-35.4871 

559 

1 . 82412E-2 

2.32714 

-32.6635 

572 

. 122731 

15.6575 

-16.1056 

585 

. 159405 

20.3362 

-13.8346 

598 

. 13013 

16.6079 

-15.5937 

61  1 

. 159637 

20.3659 

-13.8219 

624 

. 171336 

21.9222 

-13. 1823 

637 

. 1 03066 

13.7866 

-17.2109 

650 

3. 57124E-2 

4.55605 

-26.8282 

663 

1 . 09599E-2 

1.39822 

-37. 0385 

689 

.  122742 

15.6539 

-16. 1 048 

715 

.  11252 

14.3548 

-16.8601 

741 

1. 00938E-2 

1 . 28773 

-37. 8035 

767 

. 121394 

15.487 

-16.2007 

793 

. 133233 

17. 0037 

-15.3891 

319 

. 170823 

21.793 

-13.2337 

845 

3.321 06E-2 

4.23638 

-27.4591 

cs 

r--  ~ 


36  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
14  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL 

FUND 

DB  REL  FUND 

14 

. 783578 

100 

0 

434 

1.59462E-2 

2. 03505 

-33.8285 

462 

.  156375 

19. 9566 

-13.9983 

476 

1 .66315E-2 

2. 12251 

-33.463 

490 

.  164642 

21. 0115 

-13.5508 

504 

. 1 57335 

20. 0791 

-13.9451 

518 

.  122355 

15.6149 

-16. 1292 

532 

.  16351 1 

20.8673 

-13.6107 

546 

.  172249 

21.9824 

-13. 1585 

560 

.  1 06  029 

13.5314 

-17.3731 

574 

.  037528 

4.78932 

-26.3945 

588 

1 . 31767E-2 

1.68161 

-35.4855 

602 

1 . 39502E-2 

1.78032 

-34.99 

616 

. 1 22732 

15.663 

-16. 1025 

630 

. 159086 

20.3025 

-13.849 

644 

. 13018 

16.6135 

-15.5908 

658 

. 15962 

20.  3706 

-13.8199 

672 

.  171836 

21.9297 

-13. 1794 

^1  01-1 

. 1 03066 

13.7914 

-17.2078 

700 

3. 57123E-2 

4. 5576 

—26. 8253 

714 

1 .  09599E-2 

1 . 3987 

-37. 0855 

742 

.  122742 

15.-6-642 

-16. 1018 

77  n 

.11252 

14.3598 

-16.8571 

798 

1 . 00943E-2 

1 . 28823 

-37.8001 

826 

. 121387 

15.4914 

-16. 1982 

36  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PER  INCREMENT 

15  HZ  OUTPUT 

FREQUENCY 

PI.IM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  REL 

FUND 

DB  REL  FUND 

15 

.  783578 

100 

0 

465 

3.  18908E-2 

4. 06939 

-27.8083 

495 

.312748 

39. 9128 

-7.97775 

510 

1. 66291 E-2 

2. 1222 

-33.4643 

525 

.  329278 

42. 0223 

-7.5304 

540 

.  157323 

20. 0775 

-13.9458 

555 

.244709 

31.2297 

-10. 1086 

570 

.  163507 

20.3667 

-13.6109 

585 

.344501 

43.9651 

-7. 13783 

600 

.  1 06026 

13.531 

-17.3734 

615 

7.  57787E-2 

9.67086 

-20.2907 

630 

1 . 31746E-2 

1.63133 

-35.4869 

645 

9. 65923E-3 

1.23271 

-38. 1828 

660 

.  122733 

15.6631 

-16.1024 

675 

.  158767 

20.2619 

-13.8664 

690 

.  130179 

16.6135 

-15.5908 

705 

.  159602 

20.3634 

-13.8209 

720 

.  171836 

21.9296 

-13. 1794 

735 

.  103067 

13.7915 

-17.2078 

750 

3.  57123E-2 

4.55759 

-26.8253 

765 

1 . 09599E-2 

1 . 3937 

-37. 0855 

795 

.  122741 

15.6642 

-16.1018 

825 

.  1 1252 

14.3598 

-16.857 

33  PMM  INCREMENTS  PER  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
16  HZ  OUTPUT  FREQUENCY 
PUM  INCREMENTS  CENTERED 


COMPONENT 


ADS  AMPLITUDE  P.C.  REL  FUND  DB  PEL  FUND 


16 

. 783233 

100 

0 

448 

1 . 51523E-2 

1 . 93458 

-34.2683 

480 

. 155202 

19.8155 

-14. 0599 

496 

3. 18886E-2 

4.  07141 

-27.8051 

512 

. 1 67362 

21.3681 

-13.4047 

528 

.312736 

39.9289 

-7.97424 

544 

. 1 04034 

13.2326 

-17.5343 

56  0 

. 329273 

42. 0403 

-7.52668 

576 

1 . 51905E-2 

1 . 93946 

-34.2464 

592 

.244706 

31.2431 

-10. 1049 

609 

. 124083 

15.3425 

-16. 0035 

624 

. 344499 

43. 9843 

-7. 13406 

640 

. 1 1 0641 

14. 1262 

-16.9995 

656 

7.57779E— 2 

9.67501 

-20.287 

672 

1 . 35366E-2 

1.7233 

-35.2476 

688 

9. 65964E-3 

1 . 2333 

-38. 1736 

704 

. 12271 1 

15. 6673 

-16. 1001 

720 

. 158768 

20.2708 

—  1 3. 8626 

736 

. 13018 

16.6209 

-15.5869 

752 

. 159602 

20.3774 

-13.817 

768 

. 171836 

21.9393 

-13. 1755 

784 

.  1  08067 

13.7976 

-17.2039 

300 

3. 57124E-2 

4.55962 

-26.8214 

316 

1 . 09603E-2 

1 . 39936 

-37. 0814 

848 

.  122736 

15.6704 

-16. 0934 

30  PUM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
17  HZ  OUTPUT  FREQUENCY 
PUM  INCREMENTS  CENTERED 


COMPONENT 


ABS  AMPLITUDE  P.C.  REL  FUND  DB  REL  FUND 


17 

. 7 82779 

1  OO 

—  0 

425 

1.42317E-2 

1.3181 

-34.8076 

459 

. 153748 

19.6414 

-14. 1366 

493 

. 169368 

21.6368 

-13.2961 

527 

8. 67727E-2 

1 1 . 0852 

-19. 1051 

544 

.  167358 

21.3799 

-13. 3999 

561 

. 139962 

17.3802 

-14.9526 

573 

. 104031 

13.29 

-17.5295 

595 

. 238434 

36.8474 

-8.67185 

612 

1 . 518S7E-2 

1.94035 

-34.2424 

629 

.249732 

'  31.9032 

-9.92332 

646 

. 124034 

15.8517 

-15.9935 

663 

.344919 

44. 0634 

-7.11843 

630 

. 1 1 0641 

14. 1343 

-16.9945 

697 

7. 53048E-2 

9.68406 

-20.2788 

714 

1 . 35365E— 2 

1 . 72929 

-35.2426 

731 

9.65820E-3 

1.23333 

-38. 1749 

743 

. 12271 1 

15.6763 

-16. 0951 

765 

. 153767 

20.2825 

-13.8576 

732 

. 130131 

16.6306 

-15.5819 

799 

. 159598 

20.3386 

-13.8122 

316 

. 171836 

21.9521 

-13. 1705 

333 

. 108204 

13.8231 

-17. 1879 

850 

3. 57135E-2 

4.56239 

-26.8161 

30  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
IS  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

AES  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

18 

.782779 

100 

0 

450 

1 . 42317E-2 

1.8181 

-34.8076 

486 

. 153743 

19.6414 

-14.1 366 

522 

. 169363 

21.6368 

-13.2961 

558 

.205434 

26.2442 

-11.6193 

576 

. 167353 

21.3794 

-13.4001 

594 

3.281 19E-2 

4. 19172 

-27.5521 

612 

. 1 04028 

13.2896 

-17.5298 

630 

. 247595 

31.6302 

-9. 99795 

648 

1 . 51369E— 2 

1.94013 

-34.2434 

666 

. 254757 

32.5452 

-9.75025 

684 

. 124085 

15.8518 

-15.9984 

702 

. 34534 

44.1171 

-7. 10785 

720 

. 1 1 064 

14. 1343 

-16.9945 

738 

7. 58313E-2 

9.6875 

-20.2758 

756 

1 . 35364E-2 

1.72928 

-35.2427 

774 

9. 65676E— 3 

1 . 23365 

-38. 1762 

792 

.  122711 

15.6763 

-16. 0951 

810 

. 158767 

20.2825 

-13.8576 

823 

. 130181 

1  £  .  !  “!  IJ  K 

-15.5818 

346 

.  159594 

£0.3381 

-13.8125 

27  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 
19  HZ  OUTPUT 
PWM  INCREMENTS 

STEPS  PEP  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

19 

.732167 

1  00 

0 

413 

1.31513E-2 

1.68146 

-35. 4863 

456 

.  151902 

19.4207 

-14.2347 

494 

.  172569 

22 . 063 

-13. 1267 

53£ 

.  116256 

14.8634 

—16. 5576 

570 

.  173017 

22. 1202 

-13. 1042 

589 

.205432 

26.2644 

-11.6126 

608 

.  124774 

15.9523 

-15.9435 

627 

3.281 04E-2 

4. 1948 

-27.5458 

646 

.  1 09589 

14. 0109 

-17. 0707 

665 

.247596 

31.6551 

-9. 99113 

684 

1 . 56386E-2 

2. 00578 

-33.9543 

703 

.254757 

32.5707 

-9.74347 

722 

.  12405 

15.8597 

-15.9941 

760 

.34534 

44. 1517 

-7. 10106 

.  1 1 0643 

14. 1456 

-16.9876 

779 

7.  58347E-2 

9.69547 

—20. 2686 

793 

1 . 35369E-2 

1.7307 

-35.2356 

817 

9. 54795E-3 

1.2207 

-38.2678 

836 

.  12271 

15.6885 

-16. 0884 

£7  PI.IM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PER  INCREMENT 

£0  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

BBS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

£0 

. 78£167 

1  0  0 

0 

44  0 

1.3151SE-2 

1 . 68146 

-35.4863 

480 

. 151902 

19. 4£07 

-14.2347 

520 

. 1 7£569 

££. 063 

-13. 1267 

58  0 

.  1 1 6£56 

14.8634 

-16. 5576 

6  0  0 

.  173017 

££. 1£0£ 

-13. 1042 

62  0 

. £054£9 

26.2641 

-11.6127 

64  0 

8. 21937E-2 

10.5085 

-19.5692 

660 

3.  £8088E-£ 

4. 1946 

-27.5462 

680 

.  115149 

14.7218 

-16.6408 

700 

.£47596 

31.6552 

-9.99111 

7£0 

1 . 6190£E-£ 

2. 06992 

-33.6809 

740 

.£54757 

32. 5706 

-9. 74347 

76  0 

.  1  £4  0 1 4 

15. 3552 

-15.9966 

780 

. 34534 

44. 1517 

-7.  10105 

8  0  0 

. 1 1 0645 

14. 1459 

-16.9874 

8£0 

7 . 58377E-2 

9.69585 

—20. 2683 

840 

1 . 35374E-2 

1 . 73076 

-35.2353 

C9 


24  PMM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 
22  HZ  OUTPUT 
PMM  INCREMENTS 

STEPS  PER  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

22 

.781313 

1  00 

0 

418 

1 .  1 8724E-2 

1.51954 

-36. 3658 

462 

. 14949 

19. 1332 

-14.3643 

506 

.17 662 1 

22. 6 056 

-12.9157 

550 

.  113315 

14.5031 

—  1 6- .  77  08 

594 

.  173204 

22. 1683 

-13. 0854 

638 

4.  47667E-2 

5.72968 

-24.8374 

682 

.217989 

27.9004 

-11. 0878 

704 

8. 21947E-2 

1  0.  5201 

-19.5596 

726 

3. 40495E-2 

4.35799 

-27.2143 

748 

.  115149 

14.7378 

-16.6313 

770 

.247495 

31.6769 

-9. 98516 

792 

1 . 6 1907E-2 

2. 07224 

—  33.  6712 

814 

. 254925 

32.6278 

-9.72825 

8  9  A 

. 124013 

15.8724 

-15.9872 

21  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
23  HZ  OUTPUT  FREQUENCY 
RUM  INCREMENTS  CENTERED 


□MPDNENT 

AES  AMPLITUDE 

P.C.  REL  FUND 

DE  PEL  FUND 

23 

. 78007 

100 

0 

368 

1 . 03427E-2 

1 . 32587 

-37.55 

414 

. 146222 

18.7447 

-'14. 5424 

460 

.18191 

23.3197 

—12. 6456 

506 

. 1 09639 

14. 055 

-17. 0434 

552 

. 1 73256 

22.21 04 

-13. 0689 

598 

4.75861E-2 

6. 10024 

-24.2931 

713 

.218043 

27.9518 

-11. 0718 

736 

8. 21226E-2 

10.5276 

-19.5534 

759 

3. 55942E-2 

4.56296 

-26.8151 

782 

.  115156 

14. 7622 

-16.617 

805 

.22757 

29. 1731 

-10.7004 

828 

1 .61932E-2 

2. 07587 

—33. 656 

21  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
24  HZ  OUTPUT  FREQUENCY 
PI.IM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

24 

.78007 

100 

0 

384 

1 . 03427E-2 

1 . 32587 

-37.55 

432 

. 148222 

18.7447 

- 14. 5424 

480 

. 18191 

23.3197 

-12.6456 

528 

. 1 09839 

14. 055 

-17. 0434 

578 

. 173258 

22.2104 

-13. 0689 

824 

4. 7588 IE— 2 

8. 1 0024 

-24.2931 

744 

.218097 

27.9587 

-11. 0697 

788 

8.20505E-2 

10.5184 

-19.561 

792 

. 037139 

4. 78098 

-26.4461 

818 

.115182 

14.7631 

-16. 6165 

840 

.207845 

26.6188 

11.4962 

21  PMM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

25  HZ  OUTPUT 

FREQUENCY 

PI.JM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.iL.  PEL  FUND 

DB  REL  FUND 

25 

. 78007 

1  0  0 

0 

40  0 

1 . 03427E-2 

1 . 32587 

-37.55 

450 

.  146222 

18.7447 

-14.5424 

50  0 

.  18191 

23.3197 

-12.6456 

550 

.  1 09639 

14. 055 

-17. 0434 

6  0  0 

. 1 73256 

22.2104 

-13. 0689 

650 

4. 7586 IE— 2 

6. 1 0024 

-24.2931 

775 

.218151 

27. 9656 

-11. 0675 

800 

8.  1 9784E-2 

1 0. 5091 

-19.5687 

825 

3.  86837E-2 

4.959 

-26. 0921 

850 

.  115169 

14.764 

-16.6159 

18  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
28  HZ  OUTPUT  FREQUENCY 
PI.IM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

26 

.778161 

1  00 

0 

78 

8. 67668E-3 

1. 1 1502 

-39. 0543 

338 

8. 50392E-3 

1 . 09282 

-39.229 

390 

. 141589 

18. 1953 

-14.8008 

442 

. 189096 

24.3003 

-12.2878 

494 

. 1 04923 

13. 4834 

-17.404 

546 

. 173007 

22.2329 

-13. 0601 

598 

5. 1336 IE -2 

6.5971 1 

-23.6129 

650 

8. 82124E-3 

1 . 1 336 

-38.9108 

754 

l . 72795E-2 

2.22055 

-33. 0708 

806 

.307558 

39.5237 

-8. 06285 

832 

8. 19807E-2 

10.5352 

-19.5472 

18  PMM  INCREMENTS  PER  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
27  HZ  OUTPUT  FREQUENCY 
PMM  INCREMENTS  CENTERED 


COMPONENT 

BBS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

£7 

. 778161 

1  00 

0 

81 

Q. 6?668E“3 

1. 11502 

-39. 0543 

351 

8. 50392E-3 

1 . 09282 

-39.229 

40cr 

.141 589 

18. 1953 

-14.80  08 

459 

. 189096 

24. 3003 

”12.  c!'?  r'  <5 

513 

. 1 04923 

13.4834 

-17.404 

567 

. 173007 

22.2329 

-13. 0601 

be  t 

5. 13361E-2 

6.5971 1 

-23.6129 

675 

8. 82124E-3 

1 . 1 336 

-38.91 08 

783 

1 . 72795E-2 

£.22055 

-33. 0708 

837 

.  396965 

51. 0132 

-5. 84636 

18  PI.IM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRBTIDN 
28  HZ  OUTPUT 
PMM  INCREMENTS 

STEPS  PER  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

BBS  AMPLITUDE 

P.C.  PEL  FUND 

DE  PEL  FUND 

.778161 

1  0  0 

0 

84 

8. 67668E— 3 

1.  1 1502 

-39. 0543 

364 

8. 50392E-3 

1 . 09282 

-39.229 

420 

.  141589 

18. 1953 

-14.80 08 

476 

.  189096 

24.3003 

-12.2878 

532 

.  1 04923 

13.4834 

-17.404 

588 

.  173007 

£2. 2329 

-13. 0601 

644 

5. 13361E-2 

6.59711 

-23.6129 

700 

8. 82124E-3 

1 . 1 336 

-38. 91 08 

812 

1 . 72795E-2 

2.22055 

-33. 0708 

18  PMM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PER  INCREMENT 

£9  HZ  OUTPUT 

FREQUENCY 

PMM  INCREMENTS 

CENTEPED 

COMPONENT 

BBS  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

£9 

.778161 

1  0  0 

0 

87 

8.  67668E-3 

1. 11502 

-39. 0543 

377 

8. 50392E-3 

1 . 09282 

-39.229 

435 

.  141589 

18. 1953 

-14.8008 

493 

.  189096 

24.3003 

-12.2878 

551 

. 1 04923 

13.4834 

-17.404 

609 

.  1730  07 

22.2329 

-13. 0601 

667 

5.  13361E-2 

6. 5971 1 

-23.6129  ; 

725 

8.  82124E-3 

1 . 1 336 

-38.9108  1 

841 

1.72795E-2 

£.22055 

-33. 0708 

C.I& 


18  PUM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STFPS  PER  INCREMENT 
£8  HZ  OUTPUT  FREQUENCY 
PIJM  INCREMENTS  CENTERED 


COMPONENT 

ADS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

£8 

. 778181 

1  0  0 

0 

84 

8. 8 7 8 8 8 E — -3 

1 .  1 1 5  0£ 

-39. 0543 

384 

8.  5039£E-3 

1 . 09£8£ 

-39. ££9 

4£  0 

. 141589 

18. 1953 

-14.8 0  08 

478 

. 189098 

£4.3003 

- 1 £ . £878 

53£ 

. 1 04983 

13. 4834 

-17.404 

. 173007 

££. £3£9 

-13. 0801 

844 

5.1 338 1 E-£ 

6. 5971 1 

-£3. 81 £9 

700 

8. 8£1£4E— 3 

1 .  1338 

-38 . 9 1 08 

81  £ 

1.7£785E-£ 

£.££055 

-38. 0708 

18  PUM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

£9  HZ  OUTPUT 

FREQUENCY 

PUM  INCREMENTS 

CENTERED 

COMPONENT 

ADS  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

£9 

.  778181 

1  0  0 

0 

87 

8. 87888E— 3 

1 .  1 1 5  0£ 

-39. 0543 

377 

8 . 5  039£E— 3 

1 . 09£8£ 

—39. ££9 

435 

.  141589 

18. 1953 

-14.8008 

493 

.  189098 

£4.3003 

-1£. £878 

551 

.  1 049£3 

13.4834 

-17.404 

6  0  9 

.  173007 

c‘£ »  £  J£9 

-13. 0801 

667 

5 . 1 338 1 E-£ 

8.59711 

-£3.81 £9 

_  725 

8. 8£l£4E-3 

1 . 1338 

-38 . 9 1 08 

841 

1 . 7£795E-£ 

£.££055 

-33. 0708 

18  HUM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 
30  HZ  OUTPUT 
PUM  INCREMENTS 

STEPS  PER  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

30 

.778181 

i  oo 

0 

90 

8. 87888E-3 

1. 1 150£ 

-39. 0543 

390 

8 . 5  039£E— 3 

1 . 09£8£ 

—39. ££9 

45  0 

.  141589 

18. 1953 

-14.8008 

510 

.  189  098 

£4.3003 

1  £ .  £  8  *■  8 

57  0 

.  1 049£3 

13.4834 

-17.404 

830 

.  1 73  0  07 

££. £3 £9 

—  13.  08  0 1 

890 

5.  13381E-£ 

8.59711 

— £3 .81 £9 

750 

8. 8£1£4F— 3 

1 . 1 338 

-38.9108 

870 

1 . 7?795E-£ 

£.££055 

-33. 0708 

Ci  3 


15  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
31  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

31 

.  7751115 

1  0  0 

0 

93 

.  11 1331  3 

1 . 53875 

-35.9789 

3  »*  3 

. 134617 

17. 3697 

-15.2 042 

434 

. 199393 

35 . 7383 

-11.7918 

49<S 

9. 36796E-2 

1  iZ'  •  T  z'c’^Z' 

-17.9  0 1 6 

558 

. 173 H73 

c‘  d  •  d  U  d  5 

-13. 072 

63  0 

5 . 65  064 E -3 

7 . 39 1  0 1 

iE.1  d  ■  r  44c‘ 

s  y  d 

1 . 1 1796E-2 

1 . 4425 

— 36 . 8 1 7 7 

7 1 3 

1 . 36635E-3 

1 . 76299 

-35. 075 

r’  7  5 

9.57594E-3 

1 1 . 0655 

-19. 1206 

O 

•_>  i 

6. 30499E-2 

8. 13531 

-21. 7925 

399 

7. 02188E-2 

9. 06032 

-2  0.8571 

15  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

32  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

•~o 

0»u 

. 775015 

1  0  IT  ' 

0 

9  A 

.  013313 

1 . 53875 

-35. 9789 

334 

.  134617 

1 7 . 3697 

-15.2042 

448 

.  199898 

iz’5 .  i '  3  *z'  c! 

-11.7918 

512 

9.  86796E-2 

1 2 . 7326 

-17. 9016 

576 

. 17207? 

23. 2  0 3 5 

-13. 072 

64  0 

5. 65  064E-2 

7. 29101 

—22. 7442 

704 

1.11 796E-2 

1 . 4425 

-36.8177  1 

736 

1 . 36635E-2 

1 . 7 6299 

-35. 075 

8  0  0 

3.57594E-2 

1  1 . 0655 

-19. 1206 

364 

6. 30499E-2 

3. 13531 

-21 . 7925 

923 

7. 02133E-2 

9. 06032 

-20. 8571 

15  PWM  INCREMENTS  PER  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PER  INCREMENT 

33  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

33 

.  775  0 1 5 

l  o  o 

0 

99 

.  012313 

1 . 53875 

-35.9739 

396 

.  134617 

17. 3697 

-15.2042 

46? 

. 1 QQOQO 

35.7382 

-11.791 8 

538 

9.86796E-2 

12. 7326 

-17.9016 

594 

. 17207? 

22.2025 

-13. 072 

66  0 

5 . 65  064E-2 

7.291 01 

—  22.  i'"  442 

726 

1.11 796E-2 

1 . 4425 

— 36 . 8177 

759 

1 . 36635E-2 

1 . 76299 

-35. 075 

825 

8 . 57594E — 2 

1 1 . 0655 

—19. 12 06 

891 

6. 30499E-2 

8. 13531 

-21.7925 

957 

7. 0? 1 88E-2 

9. 06032 

-20.8571 

CM 


~Ts  PI.IM  INCREMENTS  PEP  OUTPUT 

CYCLE 

■5  INTE6RRTI0N 

STEPS  PER  INCREMENT 

34  HZ  OUTPUT 

FREQUENCY 

PI.IM  INCREMENTS 

CENTERED 

COMPONENT 

AES  AMPL I  TUBE 

P.C.  PEL 

FUND 

DE  PEL  FUND 

34 

.  775  0 1  5 

1  0  0 

0 

1  02 

.  013313 

1 . 53375 

-35.9739 

4  ns 

. 1 346 1 7 

1 7. 3697 

-15.2042 

476 

. 1 99993 

25.7233 

-11.7913 

544 

9. S6796E-3 

1  Cl  m  l’  C‘  6' 

-17. 9016 

613 

. 173073 

32.2025 

*  1  J  •  U  i  c 

l“.  I-!  1 1 

5. 65064E— 3 

7. 391 01 

c  c’  •  i'  ^  *4  d 

743 

1 . 1 1796E-3 

1 . 4435 

— 3  6. .  8 1  7  7 

•'  Ou 

1 . 36635E-3 

1 . 76.299 

-35. 075 

35  n 

9. 57594E-3 

1 1 . 0655 

-19. 1206 

91 S 

6 . 3  0499E— 3 

3. 13531 

-21 . 7925 

7. 03133E-3 

9. 06033 

-20.3571 

15  PI.IM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

35  HZ  OUTPUT 

FREQUENCY 

PI.IM  INCREMENTS 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND 

35 

.  775015 

l  no 

0 

105 

.  O  1  33 1  3 

1 . 53875 

-35. 9739 

43  0 

.  134617 

1 7 . 3697 

-15.2042 

49  0 

. 199399 

c!  5  •  r  c!  8  c' 

-1 1 . 7913 

56  0 

9. 36796E-3 

1  c  •  r  cl  6 

-17.9016 

63  0 

. 173073 

23 . 2  035 

-13. 072 

7  0  0 

5. 65064E-3 

7.29101 

""  d  d  m  i  4  4  CL 

77  0 

1.11 796F-3 

1 . 4425 

-  z'6  •  y  1  r'  »■' 

305 

1 . 36635E-3 

1 . 7  6999 

-35. 075 

3.5 

3. 57594E-2 

1 1 . 0655 

-19. 12 06 

945 

6 . 3  0499E— 2 

8.  13531 

-21 . 7925 

1015 

7. 021S3E— 2 

9. 060 3 2 

-20.8571 

15  RUM  INCREMENTS  PFP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

36  HZ  OUTPUT 

FREQUENCY 

PI.IM  INCREMENTS 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND 

36 

.  775  0 1  5 

1  0  0 

o 

1  09 

.  012913 

1 . 53875 

-35.  9789 

433 

.  134617 

17.3697 

-15.2  042 

5  04 

.  199999 

■  r  c  y  c.' 

-11.791 3 

9 .  9 6 7 9 6.  F — 9 

1  c!  •  <’  odb 

-17.9  0 1 6 

64  m 

.  1 72  07? 

33.3025 

-13. 072 

73  0 

5. 65  064F— 2 

7.29101 

c!c' ■  i  44c 

793 

1  .  1 1796E-2 

1.4425 

— 36 . y l 77 

C*  -■  o 

',»L- 

1 . 96635E-2 

1 . 76299 

-35. 075 

9  u  0 

9.57594E-2 

1 1 . 0655 

-19. 1206 

973 

6. 30499E-2 

3. 13531 

-2 1 . 7925 

1044 

7.  0? 1 99E— 2 

9. 06032 

-20. 8571 

as 


M « 


12  PI.IM  INCREMENTS  PER  OUTPljV  CYCLE 
5  INTEGPRTIDN  STEPS  PER  INCREMENT 
37  HZ  OUTPUT  FREQUENCY 
PI.IM  INCREMENTS  CENTERED 


COMPONENT 


RES  AMPLITUDE  P.C.  REL  FUND  DB  PEL  FUND 


12  PUM"! NCREMENTS ~PEP  OUTPUT  CYCLE  ' . . 1 

5  INTEGRATION  STEPS  PEP  INCREMENT 
4  Cl  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


OMPONFNT 

RES  AMPLITUDE 

P.C.  PEL  FUND 

DE  PEL  FUND 

40 

. 769282 

1  0  0 

0 

120 

t . 873 ORE-2 

2. 43484 

-32.2706 

36  0 

. 123258 

16. 0 225 

-15.9054 

44  0 

.215324 

27.9903 

-11. 0599 

52  0 

9. 01 056E-2 

11.7129 

—18. 6267 

6  0  0 

. 1 69775 

22. 0693 

-13. 1242 

68  0 

7. 31866E— 2 

9.51363 

-2  0 . 433 1 

76  0 

9. 42229E-2 

12.2482 

—18. 2386 

84  0 

8. 1 1422E-2 

1 0.5478 

-19.5368 

920 

7.  4  -:328F-2 

9 . 66263 

-2  0.  2981 

1  0  0  0 

3.84122E-2 

4.99326 

-26. 0323 

1  08  0 

2 . 342 1  8E— 2 

3. 04463 

-3  0 . 3293 

1  1 6  0 

. 1 1 725 

15.2415 

-16. 3395 

12  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
41  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

RES  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

41 

.  769c  8 c' 

1  0  0 

0 

123 

1 . 87308E-2 

2.43484 

—32 . 2706 

369 

. 123258 

16. 0225 

-15.9  054 

451 

.215324 

27.9903 

-11. 0599 

533 

9. 01 056E-2 

1 1 . 7129 

-18. 6267 

615 

. 169775 

22. 0693 

-13. 1242 

697 

7 . 3 1 866E— 2 

9.51363 

-2  0 . 433 1 

779 

9.42229E— 2 

12.2482 

-18. 2386 

86 1 

8. 1 1422E-2 

10.5478 

-19.5368 

943 

7 . 43328E— 2 

9 . 66263 

-20.  2981 

1  025 

3.84122E-2 

4 . 99326 

-26. 0323 

1 1  07 

2. 34218E-2 

3. 04463 

-30.3293 

1 189 

. 1 1 725 

15.2415 

-16.3395 

12  PI.IM  INCREMENTS  PER  OUTPUT 

CYCLE 

5  INTEGRRT I ON 

STEPS  PER  INCREMENT 

42  HZ  OUTPUT 

FREQUENCY 

PUN  INCREMENTS 

CENTERED 

COMPONENT 

RES  AMPLITUDE 

P.C.  PEL  FUND 

DE  PEL  FUND 

42 

. 769282 

100 

0 

126 

1 . 87308E-2 

2. 43484 

—32 . 2706 

378 

.  123258 

16. 0225 

-15.9054 

462 

.21  5324 

27. 9903 

-11. 0599 

546 

9. 01 056E-2 

11.7129 

-18.6267 

630 

. 1 69775 

22. 0693 

-13. 1242 

714 

7.31 866E-2 

9. 51363 

-20.4331 

79:-: 

9. 42229E-2 

12.2482 

-18.2386 

882 

8. 1 1422E-2 

10.5478 

-19.5368 

966 

7. 43328E-2 

9. 66263 

-20.2981 

1  05  0 

■:.  84 1 28'E— 2 

4 . 99326 

—26. 0323 

1 1 34 

2. 34218E-2 

3. 04463 

-80.3293 

1218 

.11725 

15.2415 

-16.3395 

I 


HARMONIC  ANALYSIS  OF  SYNTHESIZED  SINE  WAVE  USING 
CONSTANT  AMPLITUDE  PWM  WAVEFORM. 


12  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
43  HZ  OUTPUT  FREQUFNCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  PEL  FUND 

43 

. 769882 

1  00 

0 

129 

1 . 87308E-2 

2.43484 

-32.2706 

387 

. 1 23258 

18. 0225 

-15. 9054 

473 

.21  5'-!24 

27. 9903 

-11. 0599 

559 

9. 01 056E-2 

11.7129 

-18.6267 

h4j 

.  189775 

22. 0893 

-13. 1242 

731 

7.31866E-2 

9.51383 

-20. 4331 

917 

9. 48229E-2 

12. 2482 

—18. 2386 

tie 


12  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
44  HZ  OUTPUT  FREQUENCY 
PI.IM  INCREMENTS  CENTERED 


COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND  1 

44 

. 769333 

1  0  0 

0 

13? 

1.37303E— 2 

2. 43484 

-32.2706 

396 

. 123353 

16. 0225 

-15. 9054 

434 

.315324 

27. 9903 

-11. 0599 

57? 

9. 01 056E-2 

11.7129 

—18.6267  j 

0 

. 169775 

22. 0693 

-13.1242  I 

743 

7 . 3 1 866E-2 

9.51363 

-20.4331 

336 

9.43239E-2 

12.2482 

-13.2386  j 

1?  PI.IM  INCREMENTS  PEP  OUTPUT  CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

45  HZ  OUTPUT 

FREQUENCY 

PI.IM  INCREMENTS 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND 

45 

•  »■'  £•  y  iz!  y  c' 

1  0  0 

0 

135 

1 . 87308E-2 

2.43484 

-32.2706 

405 

.  123353 

16. 0225 

-15.9054 

495 

.215324 

27.9903 

-11. 0599 

535 

9.01 056E-2 

11.7129 

—18. 6267 

675 

.  169775 

22. 0693 

-13. 1242 

765 

7.31 866E-2 

9.51363 

-20. 4331 

355 

9.  42329E— 2 

12.2482 

-18. 2336 

9  RUM  INCREMENTS  PER  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

46  HZ  OUTPUT 

FREQUENCY 

t 

PI.IM  INCREMENTS 

CENTERED 

J 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND 

46 

.  7571 5 1 

1  0  0 

0 

133 

.  031447 

4. 15333 

-27.6321 

376 

.  1 0?6 1 3 

13.5524 

-17.3597 

363 

. 242866 

32. 0762 

-9. 37634 

46  0 

7.79043E-2 

10.2891 

-19. 7524 

55? 

.  162475 

21.4587 

-13. 3679 

593 

6.46.34SE-2 

8.53519 

-21.3757 

644 

7. 46  073E-? 

9  •  y  5  y  6  9 

-20. 128 

69  0 

.  1 02706 

13.5648 

-17. 3517 

736 

? .  33374F-? 

3. 08226 

-3ft. 2226 

73? 

3. 21435E-? 

1  0.849 

-19.2922 

374 

3.  72516E-? 

4.91996 

-26. 1608 

930 

4 . 69544E-? 

6.2  0 1 46 

-24. 1501 

C/9 


9  PWM  INCREMENTS  PER  OUTPUT  CYCLE 
5  INTEGRfiTION  STEPS  PER  INCREMENT 
47  HZ  OUTPUT  FREQUENCY 
F'l.lM  INCREMENTS  CENTERED 


COMPONENT 

APS  FIMPLITUDE 

P.C.  REL 

FUND 

DB  REL  FUND 

47 

.757151 

1  00 

0 

141 

. 03144? 

4. 15333 

—27 . 632 1 

£92 

. 1 026 1 2 

13.5524 

-17.3597 

\ 

376 

. 242866 

32.  076.2 

-9.87634 

\ 

470 

7.79043E— 2 

10.2891 

-19.7524 

■5*4 

. 162475 

21 . 4587 

—13. 3679 

91  1 

6 . 46243E— 2 

8.53519 

-21.3757 

959 

7. 46073E-2 

9.85369 

-20. 128 

?05 

. 1 02706 

13.5648 

-17.3517 

752 

2.33374E-2 

3. 08226 

-30. 2226 

! 

799 

8.21 435E-2 

10.  849 

-19.2922 

| 

899 

3. 72516E-2 

4.91 996 

—26 .16  08 

94  0 

4. 69544E— 2 

6.2  0 1 46 

-24. 1501 

9  RUM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGPRTION 

STEPS  PEP  INCREMENT 

48  HZ  OUTPUT 

FPEQI IFNCY 

PWM  INCREMENTS 

CENTERED 

i 

COMPONENT 

ABS  FIMPLITUDE 

P.C.  PEL 

FUND 

DB  REL  FUND 

49 

. 757151 

1  0  0 

0 

144 

. 03144? 

4. 15333 

—27 . 632 1 

288 

.  1 026 1  £ 

13.5524 

-17.3597 

384 

.  242866 

CL  m  0  r*  6  ill 

-9. 87634 

480 

7. 79043E-2 

10.2891 

-19.7524 

576 

.  162475 

21 . 4587 

-13.3679 

624 

6 . 46243E-2 

8.53519 

-21.375? 

672 

7. 46073E-2 

9. 85369 

-20. 128 

720 

.  102706 

13.5648 

-17.3517 

768 

2. 33374E-2 

3. 08226 

-30.2226 

816 

8. 21435E-2 

1 0. 849 

-19.2922 

912 

3.  72516E-2 

4.91 996 

—26 .16  08 

96  0 

4. 69544E— 2 

6.20146 

- 

-24. 1501 

9  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

49  HZ  OUTPUT  FREQUENCY 

PWM  INCREMENTS 

CENTERED 

■ 

COMPONENT 

FIBS  FIMPLITUDE 

P.C.  REL 

FUND 

DB  PEL  FUND 

49 

. 757151 

1  00 

0 

147 

. 091447 

4. 15333 

-27.6321 

£94 

. 1 026 1 2 

13.5524 

-17. 3597 

39? 

. 242866 

32. 0762 

-9.87634 

490 

7.79043E-2 

1 0 . 289 1 

-19.7524 

599 

. 162475 

21 . 4587 

—13. 3679 

637 

6. 46243E— 2 

8. 53519 

-21.3757 

686 

7.46073E— 2 

9.85369 

-20. 128 

735 

. 1 02706 

13.5648 

-17.3517 

794 

2. 33374E-2 

3. 08226 

-30.2226 

833 

8.21495E-2 

10.849 

-19.2922 

931 

3. 72516E-2 

4.91 996 

-26. 1608 

! 

980 

4.69544E-2 

6. 20146 

-24. 1501 

- _-5 _ 

t 


C20 


9  ♦INTERRUPTED# 

140  H=INT  *:'85  0-yS> 

45  FOR  S=50  TO  60 
RIJN 

78/1S/SS.  09.48.48. 
PROGRAM  HARM 


HARMONIC  ANALYSIS  OF  SYNTHESIZED  SINE  HAVE  USING 
CONSTANT  AMPLITUDE  PMM  MAVEFOPM. 


9  PMM  INCREMENTS  PER  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
50  HZ  OUTPUT  FREQUENCY 
PMM  INCREMENTS  CENTERED 


COMPONENT 

AES  AMPLITUDE 

F'.C.  PEL  FUND 

DE  PEL  FUND 

50 

. 757151 

1  00 

0 

ISO 

. 031447 

4. 15333 

-87. 6381 

300 

. 1 086 1 2 

13. 5584 

-17.3597 

4  0  0 

. 848866 

3 8 .  0 1‘  6 8 

-9.87634 

500 

7. 79043E-2 

10.8891 

-19.7584 

S  0  0 

. 168475 

81.4587 

-13.3679 

65  0 

6 . 46843E— 8 

8. 53519 

-81.3757 

700 

7 . 46  073E— 8 

9 . 85369 

-80. 188 

750 

. 108706 

1 3 . 5648 

-17.3517 

800 

8 . 333 74 E— 8 

3. 08886 

—30. 8886 

850 

8. 21435E-2 

10.849 

-19.8988 

9  PUM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 
51  HZ  OUTPUT 
PMM  INCREMENTS 

STEPS  PER  INCREMENT 

FREQUENCY 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

F'.C.  PEL  FUND 

DE  REL  FUND 

51 

.757151 

1  00 

0 

153 

.  031447 

4. 15333 

-87.6381 

306 

.  108618 

13.5584 

-17.3597 

408 

. 248866 

38. 0762 

-9.87634 

510 

7. 79043E-2 

1 0.2891 

-19. 7584 

618 

.  168475 

81.4587 

— 1 3. 3679 

663 

6. 46843E-2 

8. 53519 

-81.3757 

714 

7. 46073E-2 

9.85369 

-80. 188 

765 

.  108706 

13.5648 

-17.3517 

816 

8. 33374E-2 

3 . 08286 

-30.8826 

C,'ii 


9  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
52  H?  OUTPUT  FREQUENCY 
PI.IM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

5£ 

.757151 

1  00 

0 

156 

. 031447 

4. 15333 

-27.6321 

312 

. 1 02612 

13.5524 

-17.3597 

416 

. 242866 

32. 0762 

-9.87634 

52  n 

7. 79043E-2 

10.2891 

-19. 7524 

624 

. 162475 

21.4587 

-13.3679 

676 

6.  46243E— 2 

8.53519 

-21.3757 

723 

7. 46073E-2 

9.85369 

-20. 128 

730 

. 1 02706 

13. 5648 

-17.3517 

332 

2. 33374E— 2 

3. 08226 

—30. 2226 

9  PUM  INCREMENTS  PEP  OUTPUT 

CYCLE 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

53  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  FUND 

53 

.757151 

1  00 

0 

159 

. 031447 

4. 15333 

—27 . 632 1 

318 

.  102612 

13.5524 

-17.3597 

424 

.  242866 

32. 0762 

-9.87634 

530 

7. 79043E-2 

10.2891 

-19.7524 

636 

.  162475 

21.4587 

-13.3679 

689 

6. 46243E-2 

8.53519 

-21 . 3757 

742 

7.  46073E-2 

9. 85369 

-20. 128 

795 

.102706 

13.5648 

-17.3517 

348 

2. 33374E— 2 

3. 08226 

-30.2226 

9  PI.IM  INCREMENTS  PER  OUTPUT  CYCLE 

5  INTEGRATION  STEPS  PER  INCREMENT 

54  HZ  OUTPUT  FREQUENCY 

PWM  INCREMENTS  CENTERED 

COMPONENT 

ABS  AMPLITUDE 

P.C.  PEL  FUND 

DB  REL  FUND 

54 

.757151 

1  00 

0 

162 

. 031447 

4. 15333 

-27.6321 

324 

. 102612 

13.5524 

-17.3597 

432 

.242866 

32 . 0762 

-9.87634 

540 

7. 79043E— 2 

10.2891 

-19.7524 

648 

. 162475 

£1.4587 

-13.3679 

702 

6. 46243E— 2 

9.53519 

-21.3757 

756 

7. 46073E-2 

9. 85369 

-20. 128 

810 

. 1 02706 

13.5648 

-17.3517 

9  PWM  INCREMFNTS  PER  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
55  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND  1 

55 

.757151 

1  00 

0 

165 

. 031447 

4. 15333 

-27 . 632 1 

3  30 

.  1 026 1 2 

13. 55  c!  4 

-17.3597 

440 

. 242866 

32. 0762 

-9.87634 

55  0 

7 . 79  043E— 2 

1 0. 2891 

-19.7524 

6.6. 0 

. 162475 

21.4537 

-13.3679 

715 

6.46 243E-2 

8.53519 

-21.3757 

770 

7 . 46  073E-2 

9.85369 

-20. 123 

325 

. 1 02706 

13.5643 

-17.3517 

9  PI.IM  INCREMENTS  PEP  OUTPUT 

CYCLE 

A 

5  INTEGRATION 

STEPS  PEP  INCREMENT 

56  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTERED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DB  PEL  FUND 

jb 

.757151 

1  0  0 

0  A 

168 

. 031447 

4. 15333 

-27.6321  J 

336 

.  102612 

13.5524 

“IT7. ' -!  ^  Q  7*  i 

448 

. 242866 

32. 0762 

-9.37634  1 

560 

7.  79043E-2 

10.2891 

-19.7524  1 

672 

.  162475 

21.4587 

“  1 3  •  3679  -jfl 

728 

6 . 46243E-2 

8.53519 

—■cl  •  S  7*  5 1‘‘ 

784 

7. 46 073E-2 

9. 85369 

-20.  128 

340 

.  1 02706 

13.5648 

-17.3517 

9  PWM  INCREMENTS  PEP  OUTPUT 

CYCLE 

1 

5  INTEGRATION 

STEPS  PER  INCREMENT 

57  HZ  OUTPUT 

FREQUENCY 

PWM  INCREMENTS 

CENTEPED 

COMPONENT 

AES  AMPLITUDE 

P.C.  PEL 

FUND 

DE  PEL  FUND  ' 

57 

.757151 

1  0  0 

0 

171 

.  031447 

4. 15333 

-27.6321 

342 

.  1  02612 

13.5524 

-17.3597  I 

456 

. 242866 

32. 0762 

-9.37634 

570 

7.79043E-2 

10.2891 

-19.7524  ■ 

684 

.  162475 

21 . 4587 

-13.3679  fl 

741 

6. 46243E-2 

8.53519 

-21.3757  ^ 

798 

7.  46 073E-2 

9.85369 

-20.  128  1 

9  PUIM  INCREMENTS  PER  DUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
58  HZ  OUTPUT  FREQUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 


ABS  AMPLITUDE  P.C.  REL  FUND  DB  REL  FUND 


58 

.757151 

1  00 

0 

174 

. 031447 

4. 15333 

—27. 6321 

348 

. 1 026 1 2 

13.5524 

-17.3597 

464 

.  242866 

32. 0762 

-9.87634 

580 

7. 79043E-2 

1  0.  2891 

-19.7524 

696 

. 162475 

21 . 4587 

-13. 3679 

754 

6. 46243E-2 

8.53519 

-21 . 3757 

812 

7.46073E-2 

9.85369 

-20. 128 

9  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PEP  INCREMENT 
59  HZ  OUTPUT  FREOUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 

ABS  AMPLITUDE 

P.C.  REL  FUND 

DB  REL  F 

59 

. 757151 

1  0  0 

0 

177 

. 031447 

4. 15333 

-27.6321 

354 

. 1 02612 

13.5524 

-17. 3597 

472 

. 242866 

32. 0762 

-9. 87634 

590 

7. 79043E— 2 

1 0.2891 

-19.7524 

708 

. 1 62475 

21.4587 

—13. 3679 

767 

6. 46243E-2 

8 . 535 1 9 

-21.3757 

826 

7 . 46  073E— 2 

9.85369 

-20. 128 

9  PWM  INCREMENTS  PEP  OUTPUT  CYCLE 
5  INTEGRATION  STEPS  PER  INCREMENT 
60  HZ  OUTPUT  FREOUENCY 
PWM  INCREMENTS  CENTERED 


COMPONENT 


ABS  AMPLITUDE  P.C.  REL  FUND  DB  REL  FUND 


60 

. 757151 

1  0  0 

0 

180 

. 031447 

4. 15333 

-27.6321 

360 

. 1 026 1 2 

13.5524 

-17.3597 

480 

. 242866 

32. 0762 

-9. 87634 

600 

7.79043E-2 

10.2891 

-19.7524 

720 

. 162475 

21.4587 

-13.3679 

780 

6.46243 E-2 

8.53519 

-21.3757 

840 

7. 46073E-2 

9.85369 

-20. 128 

APPENDIX  D 


Average  Values  of  PWM  Steps  -  Computer  Ouput 


AVERAGE  VHLUE  UF  3  I H  E  WAVE  OVER  SPEC  If  I  EH  INTERVlii 


FORMULATION! 

COSOU  >-C0S(X2> 

<X1-X2> 


INTERVAL 

(DEGREES) 

FROM 

TO 

0 . 000 

40  .  O  0  0 

40.000 

SO. 00H 

30 . 000 

120. 000 

120. 000 

1 60 . 00 U 

1 6 0  .  U  U  0 

200. 000 

280. 000 

240 . 00 0 

240. 000 

230 . 000i 

230. 000 

320 . 000 

320 . 000 

360 . O00 

INTERVAL 

(DEGREES 

FROM 

TO 

0.000  24.000 


24 . 000 

43 . 000 

43. 00O 

72. 000 

72 . 000 

96 . 000 

96. O00 

1 20 . nun 

1  20 . 0001 

1 44 . 000 

144. O00 

1 63 . 000 

1 63 . OHO 

1 92. OHO 

192. 000 

216. 000 

216. 000 

240 .non 

240. 000 

264 . 000 

264 . 0O0 

233 . 000 

233. O00 

J12. 000 

3 1 2 . OHO 

336. O00 

33b. 0O0 

360 . 000 

AVERAGE  9.000  INTER 

VHLUE 

0.335 
O.  349 
0. 965 
0. 630 
0 . 000 
-0 , 630 
-0. 965 
-  0. 349 
-0. 335 


AVERAGE  Ij.i  ’  llliLK 

VALUE 

0. 206 
0.533 
0 . 360 
0.937 
0.944 
0.  733 
0 . 4  0  1 
U  .  000 
0. 404 
0 . 738 
0.944 
0. 937 
0 . 360 
-0.533 
-0.206 


m 


INTERVAL 

[i  E  0  R  E  E  S  > 

AVERAGE 

FROM 

TO 

VALUE 

0. 006 

17. 143 

6.  148 

17. 143 

3  4 .  £  S  b 

0.432 

34.286 

51.429 

0.678 

51.429 

68.571 

0 . 863 

68.571 

85.714 

0.971 

85.714 

102. 857 

0.993 

102.857 

120. 000 

U.927 

120. 000 

137. 143 

0. 779 

137. 143 

154. 28b 

0.561 

154.286 

171 . 429 

0.  294 

171 . 429 

188.571 

0. 000 

188.571 

205. 714 

-0:294 

205.714 

•  j  •  j  C" 

-0.561 

■”*  O  O  cr  -? 

240. 000 

-0. 779 

240 . 000 

257.  14  3 

-0. 927 

257.  143 

274.286 

-0.993 

2  /■  *4  ■  2 

291 . 429 

-0. 971 

291 . 429 

308.571 

-0. 863 

308.571 

325.714 

-0.678 

325 .714 

342. 857 

-0.432 

342.857 

3  6  0 . 0  0  0 

-0. 143 

INTERVHL 

<  DEGREES 

AVERAGE 

FROM 

TO 

VALUE 

0 . 0  0  0 

13.333 

0.11 6 

13. 333 

2  b  .  b  fro  7 

0.341 

26 . 667 

40 . 0UH 

0.548 

40 . 000 

71 .  7  2  6 

53. 333 

6  b .  6  6  7 

0.864 

b  b  -  6  b  7 

80 . 000 

0 . 956 

80.000 

q  -E;  :• 

m  .  9  9  6 

93. 333 

100.  66  7' 

0.  983 

1 06 . 667 

120. 00  71 

0.91 6 

1 20 . 000 

1  33 . 3  3 .3 

0 . 300 

133. 333 

l  4  6 . 6  6  7 

0.  641 

1 4  6 . 6  6  7 

1 60 . 7inu 

0.448 

1 60 . 000 

173.33  : 

0. 230 

173. 333 

186. 667 

0 . 000 

1  8  6 .667 

200. 07ih 

-0. 230 

2  0  0 . 0  01 0 

2 1  3 .  3  3  : 

-0.448 

2  1  3 . 3.38 

226 . 66 , 

-0.64 1 

3  3  b  .  b  b  7 

240.  Him 

-0 . 800 

2  4  0 . 0  0  0 

■.  r  ' ,  .  • ,  . 

71 .916 

j  cr  h  . 

2  6  fr .  fr .  fr . . 

0 . 98  3 

3  6  3 .  b  t-  7 

2  0  7i .  Him 

-  0 . 996 

230 . OOu 

2  q  3  ;  • 

-H .  956 

2  b  # 

3  06. 6*  • 

-0.364 

3  Ub  •  fr-b  7 

4 2 7i .  hum 

-  7i .  726 

3  2  0 . 0  U  0 

j  E'  E'  «  b  '■  ■ 

0. 548 

J  :  e!  2 

8  4  6 . 6  b  , ' 

u.  341 

34b . 667 

860 . 000 

-0.  1 16 

Ill  LK'v'HL 


2  i  .  I.i ■  i  !  M  I  l-.H riL 


INTERVAL  < 

UEL.RLES7' 

M'v’ERRGE 

FROM 

TO 

VALUE 

0 . 000 

9.  231 

0. 080 

9.231 

13.462 

0.239 

13.462 

27 . 692 

0. 392 

27.692 

•2*  t*  ■  0  l! 

0. 534 

36.923 

46. 154 

0 . 662 

46. 154 

55.335 

0.774 

c  cr  v  r.  cr 
■J  J  ■  O  J 

64. 615 

0 . 865 

64.615 

i''  3 . 3  4 t" 

0.934 

7  3 .  3  4  6 

33 . 077 

0.979 

S3. 077 

92 . 303 

0.993 

9  2 . 3  0  3 

101. 533 

0.992 

101.533 

110.76  ' 

0.  959 

110. 769 

1 20 . 000 

O.  902 

1 2  3 .  0  0  0 

1 29 . 2 7 i 

0.822 

129.231 

133.  4t.„: 

0. 720 

1  3 3.462 

147. 692 

0 . 600 

147. 692 

156. 92 

0. 464 

156.923 

166. 154 

0 .  3 1 6 

It.  6.  154 

175.33' 

0.  1  60 

175. 335 

1 34 . 6 ! '  ■ 

0. 000 

134.615 

1  93.  34 f. 

—0. 160 

1  9 3 . 346 

20 3 . 0 7 7 

-0 . 3 1 6 

20 3. 077 

212.  :0' 

-  0. 464 

212. 303 

221 . 5 

-0. 60 0 

-  . 

21-  1  . 

21  2«  0  .  ;  l~.  -1 

-1.1 .  23 

cL  -2*  U  •  i  t1  'v 

240 . 0Mi : 

-0.822 

240 . 000 

249. 27 ! 

-0 . 902 

249.231 

253 . 40..; 

-0 . 959 

253.462 

2  6  7 . 6 ' 1  ’ 

-0 . 992 

267. 6  9 2 

276 . 97 

-0 . 993 

276. 9 2  3 

236 . 1 54 

-0. 979 

276. 154 

2  9  5 . 7  3 '  ■ 

-0. 934 

' Q  cj  p  cr 

304 .  t.  i  5 

-  n .  8  6  5 

304.615 

31  3. 3.0, 

-0.774 

31  3.346 

32  ?'  .07.' 

-0. 662 

32  3. 077 

•2»  -J  .  •  M !  • 

-0. 534 

3  32.  3u ’3 

341 . 53:: 

-0.392 

341 .533 

350. 7 6 9 

-0.239 

D4 


r\ 


1H  i  Li-  '.'ML 

■  uloh.i  ■ 

1  iVFRliGL 

FROM 

TO 

VHLUE 

0 . 0  U  U 

8 . 000 

0. 070 

H  .  0  0  0 

1 6 . 000 

0 . 208 

1  6 .  0  0  0 

24 . 001:1 

0. 342 

44 . 000 

3  2 . 0  0  0 

0.  469 

3  2 .  O  0  0 

40.0  0  0 

U  .  j  o  i 

40 . 00U 

48. 00n 

0.  694 

4  8 . 0  0  Li 

56 . 008 

0. 737 

5  6 .  0  0  0 

6  4 . 0  i '  0 

0 . 3  6  5 

6  4 . 0  0  0 

72 . 0UO 

0 . 926 

7  0 . 0  0  0 

8  U .  0  0  0 

0.97  0 

SO . 000 

88 . 00O 

994 

S  8 . 0  O  0 

9  6  .  O  0  0 

0. 999 

9  6 .  O  0  0 

1  04 . 001  i 

0 , 9  9  4 

104. 000 

112. 00i  i 

0. 950 

112. 000 

1  20 . 000 

0 , 9  9  3 

1  2  0 . 0  0  0 

128. 00n 

0. 823 

123. O00 

1  36 .  001 1 

0 . 7  4  3 

1  3  b . 000 

144. 00 8 

0 .  6  4  2 

144. 0  0  0 

1 52 . 00m 

0. 529 

1  5  3 .  0i  0  0 

1  F.0,  008 

0 . 406 

1 bO . 000 

1 63 , 008 

0. 275 

1  b  8 .  0  0  0 

1  76  .  00.1 

0.  139 

17b. 000 

1  84 .  So;  i 

-0 . 000 

1  3  4 . 0  y  0 

1  0  2  .  U  8 :  1 

-0. 139 

1 9  2 . 0  0  0 

40  8 . 81  ill 

-0.275 

200. 0 0 0 

208  .  Mill  ! 

-0 . 406 

200. 0  0  0 

2  l  6.  .  81,11  ■ 

-0. 52 9 

4  1  b  .  0  0  0 

23:4 . 0  81 1 

-O. 642 

2  2  4 . 0  O  0 

2  3. ' .  808 

-0. 74  3 

2  o  2 . 000 

24  8  ,  00  i  i 

-0. 823 

2  4  0 . 0  0  0 

24:.: ,  00, . 

•  •  0 , 398 

24 8 . 000 

2: 5  6 . 8  08 

-•0  .  '---1 50 

2 jb . 000 

204 . 081 1 

-0. 984 

2F4 . 000 

272. 00o 

-  0 . 999 

472 . MOO 

201.'.  088 

-0. 994 

0 :::  m  .  fi i  u  m 

20:'' ,  mu:  ■ 

-0. 970 

2  3  3 . 0  Fi  0 

29':  ,  888 

-0. 926 

49b  .000 

J0'  1  .  01.11  ! 

■—  M  «  X  hi  S 

304 . 000 

317',  0  8 1 1 

'■*  U  •  i  O  i' 

3  1  4 . 0  0  0 

020 . hmm 

-0. 694 

jjM .  yijM 

0  2  0 .  m  i.i  •  • 

--  0 . 5  8  7 

320.  LJIH'I 

0  J»;“ .  Um:  * 

-■0.  409 

0 0  .  mmm 

• '  i  •  t  .  I.i  i  1 1  • 

-0. 342 

344 . 000 

0  8 4 . 088 

-0 . 203 

3 5 2 . 800 

J b 01 . 08  8 

-  0  .  U  7  0 

} 


/iO-AMO  299  ADVANCED  MOTOR -CONTROLLER  DEVELOPMENT  ( U )  WESTINGHOUSE 
OCEANIC  DIV  ANNAPOLIS  MD  L  E  LESSTER  ET  AL .  22  JUN  83 
DTNSRDC-PASD-CR-1-83  N00167-82-C-0122 
UNCLASSIFIED  F/G  9/3 


INTERVAL 

FROM 

1  DEGREES) 

TO 

AVERAGE 

VALUE 

0. 000 

7.059 

0 . 062 

7.059 

14.  1  18 

0.  184 

14.118 

21. 176 

0.303 

21.176 

•"»  O  O  cr 

£  W  •  £  O  J 

0.418 

28.235 

35.294 

0.526 

35.294 

42.353 

0.627 

42.353 

49.412 

0.717 

49.412 

56.471 

0.798 

56.471 

63. 529 

0.  865 

63 . 529 

70.588 

0.920 

7  0  ■  5  s  y 

{ 7. 647 

0.961 

77.647 

84.706 

0 . 988 

84.  ? 0 1* 

91.765 

0.999 

91.765 

98. 824 

0 . 995 

yy . 324 

105.882 

0.976 

105.882 

112. 941 

0.943 

112.941 

128. 0G0 

0.895 

1 20 . 000 

127.059 

0.833 

127.059 

134.  118 

0.759 

134.118 

1 4 1 . 1 76 

0.673 

141.176 

148. 235 

0.577 

143.235 

155.294 

0.473 

155.294 

162. 353 

0.361 

162. 353 

169.412 

0.244 

169.412 

176.471 

0.  123 

176.471 

183. 529 

-0 . 000 

183.529 

190. 588 

-0. 123 

190.588 

197.647 

-0.244 

197.647 

204. 706 

-0.361 

204.706 

211.765 

-0.473 

211.765 

218.824 

-0.577 

218, 824 

225. 882 

-0.673 

225 . 882 

232. 941 

-0. 759 

232.941  * 

240. 000 

—0 • 833 

240. 000 

£47.059 

-0.895 

247. 059 

254. 113 

-0.943 

254.  118 

261 . 176 

-0. 976 

26 1.1 ?6 

268.235 

-0.995 

268. 235 

275.294 

-0.999 

275.294 

r.  -%  c- 

OJ-  > 

-0.988 

yyy  •  35  y 

289.412 

-0.961 

289.412 

296. 471 

-0.920 

296.471 

303. 529 

— 0. 865 

303. 529 

310. 588 

-0. 798 

310.588 

317.647 

-0.717 

317.647 

324 . 706 

-0. 627 

324. 706 

3  3  1  .  7  »:■ '  > 

-0.526 

331 . 765 

3  3 8 .  8 2 4 

-0.418 

338.824 

345.882 

-0 . 303 

345. 882 

352. 941 

-0. 184 

JD/5 


INTERVAL 


HULK 


IHltkVHL 

iiEGK'Ltb  ■' 

AVERAGE 

FROM 

TO 

VALUE 

0.000 

6 .316 

0.055 

6.316 

1 2 . 632 

0.  165 

12.632 

18.947 

0.272 

18.947 

25.263 

0.376 

25.263 

31.579 

0 . 476 

31.579 

37.895 

0.570 

37.895 

44.211 

0. 656 

44.211 

50.526 

0.735 

50. 526 

56.842 

0 . 805 

56.842 

63. 158 

0.866 

63. 158 

69 .474 

0.915 

69.474 

75.789 

0 . 954 

75.789 

82.1 0 5 

0.981 

82. 105 

88. 421 

0.996 

83.421 

94.737 

0.999 

94.737 

101.053 

0.990 

101.053 

107.368 

0.969 

1 07 . 368 

113.684 

0.936 

1 1 3 . 684 

120. 000 

0.  892 

120.000 

1 2  6 , 316 

0.837 

126.316 

1  *«■  £.  ■  fc1  j  •£. 

0.772 

1 32 . 632 

138. 947 

0.697 

138.947 

145.263 

0.614 

145.263 

151.579 

0.523 

151.579 

157.895 

0.427 

157.895 

164.211 

0.325 

164.211 

170. 526 

0.21 9 

170.526 

1  r  6 .  o  4  d 

0.  110 

176. 842 

183. 158 

0.000 

183. 158 

189.474 

-0.  110 

189.474 

195.789 

-0.219 

195. 789 

202.  195 

-0.325 

202. 105 

208.421 

-0.427 

208.421  . 

214.737 

-0.523 

214.737 

221.053 

-0.614 

221.053 

dd  7 .  o'6y 

-0.697 

227 .  268 

233.684 

-0.772 

2 23 . 684 

240.000 

-0.837 

240. 000 

246. 316 

-0.892 

246 .216 

252. 632 

-0.936 

252.632 

258.947 

-0.969 

258.947 

265. 26 8 

-0.990 

265. 263 

271 . 579 

-0.999 

271.579 

277. 895 

-0.996 

277.895 

284.211 

-0.981 

284.211 

290. 526 

-0.954 

290.526 

296 . 848 

-0.915 

296 . 242 

303. 158 

-0. 866 

303. 158 

309. 474 

-0.805 

309.474 

315.789 

-0.735 

315.789 

322.  1 05 

-0.656 

3 22. 1 0 5 

328.  4.1 

-0.570 

328.421 

334. 737 

-  0 . 476 

334 . 737 

341.05  ; 

-0.376 

341.053 

347 • 868 

-0.272 

347 . 368 

353. 684 

-0. 165 

.  l  it  M  • 


07 


ill  VLkVuLS 


INTERVAL  •si.itbkLLb  ■ 


FROM 

TO 

0.000 

5.714 

5.714 

11.429 

1 1 . 429 

17. 143 

17. 143 

22.857 

22.857 

28.571 

28.571 

34.286 

34.286 

40.000 

40.000 

45.714 

45.714 

51.429 

51.429 

57. 143 

57. 143 

62.857 

62.857 

68.571 

68.571 

74.286 

74 . 286 

80.000 

80 . 000 

85.714 

85.714 

91.429 

91.429 

97. 143 

97. 143 

102.857 

102.857 

108.571 

108.571 

114.286 

114.286 

1 20 . 000 

120.000 

125.714 

125.714 

131.429 

131.429 

137. 143 

137. 143 

1 42 . 857 

142.857 

148.571 

148.571 

154.286 

154.286 

1 60 . 000 

160.000 

165. 714 

165.714 

171.429 

171.429 

177. 143 

177.143 

132.857 

1 y 2  * y57 

1 88 . 571 

188.571  • 

194.286 

194.286 

200. 000 

200.000 

205 .714 

205.714 

211. 429 

211.429 

217. 143 

217. 143 

•■>  O  \>  O  S  *7 
im  i-  £.  ■  OJl 

222.857 

228.571 

228.571 

234 . 286 

234.286 

240. 000 

240.000 

245.714 

245.714 

251.429 

251.429 

257. 143 

257. 143 

262.857 

262.857 

268.571 

268.571 

274.286 

274.236 

288. 000 

280.000 

285. 714 

235.714 

291.42-'* 

291.429 

297.  14 

297. 143 

302 . 85  ' 

302.857 

308.571 

308.571 

314.206 

314.286 

320 . 000 

320.000 

325.714 

325.714 

33 1 . 429 

331.429 

337. 143 

337.143 

342.857 

342.357 

348.571 

348.571 

354. 2M 

AVERAGE  ».  ,  min 

VALUE 


0.050 
0.  149 
0.247 
0.342 
0.434 
0.521 
0.604 
0*680 
0.749 
0.812 
0  •  366 
0.911 
0.948 
0.975 
0.992 
0.999 
0.997 
0.984 
0.962 
0.930 
0.890 
0.840 
0.782 
0.716 
0.643 
0.  563 
0.478 
0.  388 
0.295 
0. 198 
0.  100 
0.000 
-0. 100 
-0. 198 
-0.295 
-0.388 
-0. 478 
-0. 563 
-0.643 
-0.716 
-0.782 
-0.840 
-0. 890 
-0.930 
-0.962 
-0.984 
-0.997 
-0.999 
-0.992 
-0.975 
-0.948 
-0.911 
-0.866 
-0.812 
-0.749 
-0.680 
-0.6O4 
-0.521 
-0.434 
-0.342 

-0.247  Db 
-O.M» 


69 . 000  INTERVALS 


INTERVAL 

FROM 

< DEGREES) 

TO 

AVERAGE 

VALUE 

0.000 

5.217 

0.845 

5.217 

10.435 

0. 136 

10.435 

15.652 

0.226 

15.652 

20.870 

0.313 

20.870 

26.087 

0.398 

26. 087 

31.304 

0.480 

31.304 

36.522 

0.558 

36. 522 

41.739 

0.631 

41.739 

46.957 

0.699 

46.957 

52. 174 

0.761 

52. 174 

57.391 

0.817 

57.391 

62.609 

0  •  866 

62. 609 

67.826 

0.908 

67.826 

73.043 

0.942 

78 . @43 

78.261 

0.968 

78.261 

83.478 

0.987 

83.478 

88.696 

0.997 

88 . 696 

93.913 

0.999 

93.913 

99. 130 

0.993 

99. 130 

104.348 

0.979 

104.348 

109. 565 

0.956 

109.565 

114.783 

0.  926 

114.783 

120. 000 

0.888 

120.000 

125.217 

0.842 

125.217 

130.435 

0.790 

130.435 

135.652 

0.731 

135. 652 

140. 870 

0 . 666 

140.870 

146. 087 

0.595 

1 46. 087 

151.304 

0.519 

151.304 

156.522 

0.440 

156.522 

161 . 739 

0 . 356 

161.739 

166. 957 

0.270 

166.957  * 

172. 174 

0. 181 

172. 174 

177.391 

0.091 

177.391 

182. 609 

-0.000 

1 82 . 609 

187.826 

-0.091 

187.826 

193.043 

-0. 181 

193.043 

1 98 . 26 1 

-0.270 

198.261 

203.478 

-0.356 

203.478 

208.696 

-0.440 

203.696 

213.913 

-0.519 

213.913 

219. ISO 

-0.595 

219. 130 

224.348 

-0. 666 

224 . 348 

229. 565 

-0.731 
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ADVANCED  MOTOR  CONTROLLER 


PHASE  II  REPORT 


1.  The  Phase  I  study  showed  that  It  was  possible  to  utilize  an  8  bit  micro¬ 
processor  (M6800)  to  generate  3  phase  sine  wave  output  pulse  width  modulation 
waveforms  for  variable  frequency  control,  via  a  power  bridge,  of  an  induction 
motor.  Based  on  the  theoretical  work  of  Abbondanti  (  ®  Research  and  Development 
Center)  a  preliminary  look  was  taken  at  air  gap  flux  synthesis  for  use  as  a  feed¬ 
back  function  for  optimum  motor  control  with  load. 

This  Phase  II  study  has  taken  the  preliminary  work  a  step  further  and  has 
developed  a  design  for  the  pulse  width  modulation  and  for  the  feedback  utilizing 
separate  processors  for  each  function  and  connected  via  a  parallel  port. 

The  PWM  generation  utilizes  volt  second  Integral  determination  of  each  pulse 
width  and  pulse  by  pulse  modification  of  pulse  width  Is  possible  in  response  to 
voltage  control  requirements  for  a  wide  control  bandwidth. 

The  feedback  processor  samples  the  input  to  the  motor.  Since  power  does  not 
fluctuate  at  the  supply  frequency,  but  is  "invariant",  asynchronous  sampling  of  the 
output  is  possible  provided  that  in-phase  and  quadrature  components  of  current  and 
voltage  are  sampled  simultaneously.  The  derived  reactive  power  components  are 
calculated  and  a  digitally  smoothed  error  signal  is  passed  to  the  PWM  processor. 

The  error  signal  is  used  to  scale  the  WM  processor  output  voltage  and  also  as  an 
indication  of  overload.  Overload  causes  a  controlled  ramp  down  in  frequency  until 
load  is  reduced  or  the  off  condition  is  reached. 

Reversing  is  Implemented  as  a  ramp  down  to  zero  speed  followed  by  a  ramp  up 
in  reverse  rotation  to  the  set  speed. 

Controls  can  be  analog  or  digital,  via  potentiometers  and  switches  or  a  serial 
port.  A  terminal  can  be  connected  to  the  serial  port  for  control  and  diagnostic 
purposes  using  a  built  in  software  monitor  routine. 
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2.  Theoretical  Basis  for  Control  Circuit  Design  Approach 

The  Phase  I  report  described  in  detail  basic  modulation  generation  techniques 
and  also  the  basic  calculations  leading  to  the  Air  Gap  Flux  synthesis  approach  to 
be  employed  here. 

The  following  pages  serve  to  consolidate  these  facts  and  summarize  the  basis  for 
the  control  circuit  design. 

The  control  circuits  assume  that  a  three  phase  bridge  is  to  be  driven  to 
produce  variable  frequency  three  phase  waveforms  with  a  sinewave  fundamental 
component  as  shown  in  Figure 2.1.  The  three  phase  waveforms  repeat  every  60  degrees 
provided  allowance  is  made  for  interchange  of  the  dominant  and  complementary  roles 
of  the  line  to  line  voltages.  Within  a  60  degree  period  the  waveforms  are  symmetrical 
about  the  centerpoint  provided  allowance  is  made  for  interchange  of  the  role  of  the 
two  complementary  waveforms.  Thus  by  organized  use  of  symmetry  properties  the  Pulse 
Width  Modulation  waveforms  can  be  generated  economically. 

The  number  of  pulses  per  60°  interval  are  chosen  to  be  odd  to  ease  symmetry 
requirements.  A  minimum  of  3  pulse  periods  per  60°  Interval  is  defined  at  max 
frequency  (60  Hz)  hence  approximate  frequency  at  "carrier". 

■  3  x  6  x  60  *  1080  Hz  for  926  yi  per  pulse  period  maximum.  It  should  be  noted 
that  the  power  switches  make  only  one  transition  each  during  a  pulse  period,  thus  their 
effective  switching  frequency  is  one  half  the  carrier  frequency  or  540  Hz  approximately 
the  actual  number  varies  as  the  output  frequency  and  number  of  pulses  per  60°  interval 
is  varied. 

Figure  2.2  illustrates  both  the  volt  second  integral  approach  to  pulse  width 
determination  and  also  the  basic  pulsewtdths  associated  with  a  single  pulse  period 
of  the  several  that  would  be  present  in  one  60  degree  interval. 

Figure  2.3  extends  this  to  the  time  relationship  actually  used  in  the  micro¬ 
processor  software.  The  numbers  stored  in  memory  for  each  frequency  reflect  the 
fact  that  the  pulses  are  multiplied  In  amplitude  by  B+  when  they  are  converted  to 
the  output  waveform  in  the  pdwer  stage.  The  scale  factor  (SF)  likewise  takes  into 
account  the  variation  in  B+  compared  with  the  assumed  nominal  value  used  to  derive 
the  stored  data.  Hence  the  multiplication  factor  .  A  value  for  B+  is 

acquired  via  an  A/D  converter  as  an  Input  to  the  IVM  microprocessor  software. 

More  specifically  and  in  the  terms  used  in  the  software  the  values  calculated 
for  the  pulse  widths  are  as  follows. 
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Where  N  is  number  of  pulse  periods  per  60°  Interval  at  the  output  frequency 
of  interest  F  and  N  is  the  Nth  pulse  in  the  interval.  The  second  complementary 
pulse  widths  are  antisymmetrical  with  PWCCM  and  are  not  generated  separately. 
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There  are  two  power  switches  in  each  pole,  an  upper  and  a  lower.  The  base 
drive  waveforms  for  upper  switches  (neglecting  shoot  through  protection,  etc.)  have 
the  same  form  as  Vg,  V^,  V^.  The  drive  for  the  lower  switches  the  Inverse  of  Vg, 


The  output  line  to  line  voltages  are  the  physical  combination  of  the  pole 
voltages  across  the  motor  windings 
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The  PWM  processor  Implements  the  control  strategy  of  Fig.  2.4.  A  nominal 
V/F  -  constant  curve  is  chosen  such  that  the  current  in  the  unloaded  motor  is  a 
minimum  at  each  frequency.  This  corresponds  to  optimum  excitation  at  that  load  at 
that  frequency.  In  response  to  load  change  as  sensed  by  the  feedback  processor, 
the  voltage  is  increased  to  maintain  the  excitation  at  the  optimum  level  although 
the  load  is  changing.  Demand  for  excessive  voltage  as  sensed  by  monitoring  the 
level  of  an  error  signal  causes  the  controller  to  attempt  to  shed  load  by  reducing 
frequency.  If  load  red  uces  bringing  the  error  signal  within  bounds  the  controller 
stops  at  the  new  frequency  and  will  return  to  higher  frequency  if  the  load  transient 
is  removed.  Alternatively  it  will  continue  on  down  to  zero  frequency  -  off  -  if  the 
overload  condition  persists.  Hysteresis  Incorporated  into  the  level  detection  provides 
for  stable  operation  in  this  mode. 
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3.0  Control  System  Design 

3.1  Hardware 

Design  of  the  advanced  motor  controller  was  split  Into  two  basic  sections: 

TOM  Processor  and  Feedback  Processor.  An  available  laboratory  power  bridge  was 
married  with  the  processors.  Figure  3.1  shows  how  each  of  these  sections  relates 
to  the  others.  The  power  stage  was  employed  In  order  to  make  operation  with  a  test 
motor  possible.  The  two  processors  are  constructed  on  five  wire-wrap  boards,  three 
being  dedicated  to  the  PWM  processor,  one  to  the  feedback  processor,  and  one  to  data 
acquisition  and  driver  output  functions. 

Figure  3.2  and  3.3  show  the  construction  of  the  TOM  processor  in  block  form. 

Analog  speed  command  (terminal  control  optional)  and  battery  &+  voltage  is  digitized 
and  combined  with  feedback  error  information  from  the  feedback  processor  to  modify 
the  output  voltage  scaling  generated  by  the  basic  three  phase  sine  wave  algorithm.  A 
monitor  program  to  provide  a  terminal  interface  for  optional  keyboard  control  resides 
in  PROM  as  well  as  the  TOM  routines.  Figure  3.4  is  a  memory  map  showing  locations 
in  the  TOM  processor. 

The  configuration  of  the  feedback  processor  is  shown  in  Figure  3.5.  The  assoc¬ 
iated  memory  map  appears  in  Figure  3.6.  The  feedback  processor  accepts  the  digitized 
form  of  the  D-Q  variables  generated  by  the  sensing  and  low  pass  filter  circuits  and 
computes  the  motor  air  gap  flux  using  motor  parameters  stored  in  PROM.  The  calcu¬ 
lated  air  gap  flux  is  ccxnpared  to  a  reference  and  the  subsequent  difference  is 
digitally  filtered  and  passed  to  the  PWM  processor  through  the  V*  (feedback  error) 
latch. 

Figure  3.7  is  a  hardware  block  diagram,  showing  the  individual  wire-wrap  cards, 
their  interconnections,  and  the  System  I/O.  Appendix  A  contains  schematics  of  the 
five  cards  and  their  interconnections. 

3.2  Software 

Figures  3.9  through  3.11  contain  details  of  the  TOM  processor  software.  Figure 
3.12  shows  the  feedback  processor  algorithm.  Appendix  B  contains  printouts  of  the 
system  software. 

The  main  control  loop  shown  in  Figure  3.9  first  initializes  all  pointers, 

RAM,  and  flags.  Next  flags  are  set  according  to  motor,  power  input,  and  conmand 
conditions.  If  no  protection  flags  are  set,  the  progrsm  ramps  the  output  frequency 
up  to  the  commanded  frequency.  Overload,  B+,  and  reversing  flags  are  checked  each  time 
through  the  loop.  The  PTM  interrupt  routine  generates  the  dominant  and  complementary 
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times  from  frequency  table  Information  stored  in  PROM.  The  condition  of  the 
direction  flag  determines  the  order  of  output  times  and  thus  the  output  phase 
sequence.  Prior  to  the  time  computations  in  the  PTM  interrupt  routine,  the  input 
B+  voltage  is  read  and  the  scale  factor  adjusted  to  keep  the  output  independent 
of  B+  variations.  The  quotient  B+  ref/B+  is  stored  in  a  table  in  PROM  for  values 
from  below  B+  min  to  above  B+  max.  The  feedback  error,  V*,  is  read  during  the 
beginning  of  each  60°  output  segment  and  is  used  to  adjust  the  scale  factor.  During 
operation  with  a  keyboard  terminal,  the  monitor  routine  shown  in  Figure  3.11  is  employee 

Hie  feedback  microprocessor  routine  containing  the  flux  computation  and  filtering 
algorithms  is  shown  in  Figure  3.12.  The  D-Q  variables  are  digitized  by  four  A/D 
converters  after  being  generated  as  analog  Signals. 

The  air  gap  flux  is  then  computed  utilizing  motor  parameters  stored  as  K1  in 
PROM.  The  calculated  flux,  Wx,  is  compared  to  the  reference.  Both  K1  and  reference 
R*  are  stored  in  PROM  indexed  to  frequency.  Thus,  before  calculating  the  flux  and 
the  error,  the  processor  reads  a  word  containing  the  output  frequency  from  the  PWM 
processor. 
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4.0  Test  Measurements 
4.1  Flux  and  Control  Loops 

To  establish  an  efficient  operating  curve,  the  motor  was  excited  at  frequencies 
from  six  to  sixty  hertz  while  varying  the  excitation  voltage  and  observing  the  input 
current.  A  plot  of  the  points  of  voltage  required  for  minimum  current  was  then 
made  against  frequency.  As  expected,  this  curve  was  a  straight  line  (v/f  =  constant). 

The  table  used  by  the  PWM  processor  to  determine  the  open-loop  operating  point  was 
generated  using  the  linear  v/f  information. 

The  system  operated  properly  under  open  loop  conditions,  responding  to  speed 
and  amplitude  commands  from  the  keyboard. 

Next,  phase  voltages  and  currents  were  sensed  and  the  D-Q  variables  successfully 
generated,  converted,  and  used  in  the  flux  calculation.  Figure  4. 2D  shows  the  direct 
(bottom)  and  quadrature  (top)  currents  as  they  exist  at  the  analog  input  to  their 
A/D  converters.  The  D-Q  voltage  waveforms  are  similar.  As  desired,  the  amplitudes 
of  the  two  components  were  the  same  and  their  phase  differed  by  90  degrees.  0,  the 
angle  between  VQ  and  ID,was  seen  to  vary  with  the  load  from  20  to  62  degrees.  This 
range  of  phase  angle  is  due  to  the  choice  of  an  operating  point  near  minimum  excitation 
current.  Figure  4.1  schematically  shows  how  the  D-Q  variables  are  generated  in  the 
system. 

Four  dedicated  A/D  converters  digitize  the  analog  D-Q  variables.  The  A/D 
converters  are  sampled  at  a  high  rate  compared  to  the  output  frequency,  so  their 
values  may  fca  considered  as  being  taken  simultaneously  for  purposes  of  the  flux 
calculations. 

An  estimate  of  parameters  of  the  test  motor  was  made  and  simultation  using  an 
H.P.  9830  computer  was  performed  to  confirm  that  the  parameters  chosen  would  yield 
values  of  current  and  flux  in  keeping  with  the  test  motor  size.  These  parameters  were 
then  used  in  the  generation  of  the  various  tables  required  for  flux  calculation. 

Operation  in  the  open-loop  mode  yielded  values  of  calculated  flux  consistent 
with  the  simulation.  Table  4.1  below  gives  a  set  of  measurements  and  calculations 
performed  by  the  sense  circuits  and  the  feedback  processor.  A  Hewlett-Packard  9611 
was  used  to  monitor  operation  of  the  microprocessor. 

In  closed  loop  operation,  the  calculated  value  of  air  gap  flux,  Wx,  is  subtracted 
from  a  fixed  reference  value,  R*,  and  the  resulting  error  signal  is  digitally  filtered 
and  transmitted  to  the  PWM  processor.  The  filter  is  used  to  smooth  the  result  of  the 
Wx  calculation  and  to  provide  a  controlled  pole  in  the  loop  response  of  the  system.  The 
filtered  error  signal  is  used  by  the  PWM  processor  to  modify  the  output  amplitude  so  as 
to  reduce  the  error  and  keep  the  calculated  value  of  Wx  constant.  In  open  loop  operation, 
Wx  values  were  observed  by  setting  the  reference,  R*,  to  zero  and  observing  the  smoothed 
error. 


27 


Flfir.4.1  VA^AfeCE  $8J&2#norJ 


f 


Since  the  measurements  of  Wx  were  in  accord  with  expectations,  a  reference  level 
close  to  the  value  of  Wx  at  no  load  was  inserted  (instead  of  zero)  and  an  attempt 
at  closed  loop  operation  was  made.  The  motor/ controller  system  was  successfully 
exercised  in  the  closed  loop  mode.  Under  control  of  flux  loop  calculations  made  by 
the  feedback  processor,  the  controller  increased  the  output  voltage  amplitude  to 
compensate  for  losses  when  the  motor  was  loaded  and  decreased  the  output  when  the 
load  was  reduced,  keeping  the  calculated  value  of  flux  constant.  The  "feel"  of 
loading  the  motor  by  hand  was  dramatically  stiffer  in  this  mode.  Stepping  up  to  and 
down  from  the  selected  frequency  under  closed  loop  conditions  also  functioned  properly. 

4.2  Spectrum  of  KJM  Output  Motor  Load 

A  Federal  Scientific  model  UA-500  (ubiquitious)  spectrum  analyzer  was  used  to 
examine  the  voltage  and  current  frequency  spectrum  of  the  motor  controller  power  stage 
output  while  driving  the  three  phase  test  motor.  Figures  4.3  through  4.5  are  photo¬ 
graphs  of  the  output  waveforms  and  spectra,  taken  under  various  conditions. 

Notice  that  the  amplitudes  of  the  unwanted  frequencies  in  the  current  spectrum 
stay  constant  as  the  fundamental  rises  with  increased  load.  Observe  also  that  very 
little  unwanted  output  energy  is  evident  below  1  KHz  under  any  operating  circumstance. 
The  ratio  of  the  amplitude  of  output  current  at  the  fundamental  frequency  to  that  of 
the  next  highest  component,  about  1.3  KHz,  with  the  motor  loaded  to  one-fifth  horsepower 
is  in  excess  of  33db. 

Figures  4.2  through  4.5  also  show  output  voltages  and  currents  at  various  output 
frequencies.  The  current  ripple  stays  approximately  constant  in  amplitude  over  the 
output  frequency  range  due  to  the  inverse  relation  between  the  PWM  carrier  frequency 
and  the  output  frequency.  Comparison  of  the  unloaded  currents  with  the  corresponding 
loaded  output  currents,  as  in  figures  4.4B  and  D  and  4.5A  and  C,  shows  that  the  current 
ripple  remains  constant  as  the  output  current  increases.  This  phenomenon  is  responsible 
for  the  spectral  purity  observed  in  the  loaded  output  current  photographs. 

4.3  Reversing 

A  routine  to  step  down  to  zero  speed  and  reverse  the  output  direction  in  response 
to  the  setting  of  a  direction  flag  from  the  keyboard  has  been  Incorporated  into  the 
software  and  successfully  tested.  It  remains  to  make  some  minor  modifications  to  the 
flux  loop  D-Q  inputs  to  properly  calculate  the  Wx  value  in  the  reverse  mode.  This 
modification,  as  well  as  the  reading  of  speed  and  direction  inputs  from  an  analog 
source  (potentiometer),  will  be  accomplished  next. 


4.4  Overload  Protection 

The  software  needed  to  sense  overload  at  a  preset  level  above  the  chosen 
operating  point,  to  ramp  down  to  an  acceptable  level;  and  to  ramp  back  up  when  the 
overload  is  relieved  has  been  incorporated  in  the  control  program. 

This  feature  will  not  be  tested  until  the  proposed  Phase  III  of  the  program 
when  the  power  stage  is  added  and  a  total  drive  system  tested. 
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5.  Conclusions  &  Recommendations 

The  Phase  II  development  of  the  control  circuits  implement  the  theoretical 
requirements  of  the  modulation  and  feedback  mechanisms  and  provide  a  practical 
control  circuits  for  a  three  phase  motor  drive.  The  feedback  control  produces 
efficient  off-load  operation  as  evidenced  by  the  wide  voltage  swing  between  no 
load  and  full  load  on  the  small  test  motor.  The  feedback  processor  would  appear 
to  offer  a  means  of  sensing  and  control  of  both  variable  frequency,  variable  voltage 
AC  drives  and  fixed  frequency  variable  voltage  drives  (e.g.  phase  control  of  fan  motors). 

Performance  to  date  has  been  very  satisfactory  and  development  of  a  full  power 
system  is  recommended.  Use  of  newer  16  bit  microprocessors  could  permit  extension 
of  the  control  circuits  to  400  Hz  operation.  Development  of  400  Hz  control  and  power 
stages  is  also  recommended. 
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FF 

FFEE 

STX 

XREG  i 

SAVE  X 

0038 

F02E 

BF 

FFF2 

STS 

SREG 

SAVE  SP 

0033 

F031 

8E 

FF8F 

LDS 

#BOS  ; 

I NIT.  SREG  TO  MON.  STPCK 

0100 

F034 

CE 

F01H 

LDX 

#BREBK  , 

BREAKPOINT  ROUTINE 

0101 

F037 

FF 

FFFC 

STX 

NMIVEC 

STORE  IN  INTERRUPT  VECTORS 

0102 

F03H 

FF 

FFF8 

STX 

IRQVEC 

0103 

F03D 

CE 

F0E3 

LDX 

#SW I 30 

0104 

F040 

FF 

FFr4 

37  X 

USW  I 

0105 

F043 

CE 

F0D6 

LDX 

fcSWIHHN  > 

SOFTWARE  INTERRUPT  HANDLER 

0106 

F046 

FF 

FFFH 

STX 

SWIVEC 

0107 

F043 

CE 

F'UID 

LDX 

#HCIHH  .; 

SET  UP  BCIB  PTR 

0108 

F04  C 

FF 

FFF  6 

STX 

BCIBI 

0103 

F04F 

86 

03 

LDB 

H 

#3  > 

RESET  BCIB 

0110 

F051 

B7 

6000 

STB 

B 

BC  I  BC 

z 
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ASM 

VI.  1 

SEQ 

LUC 

OBJ 

SOURCE 

0111 

0112 

nCIfl  SET— UP 

:CLK/16,  7  BIT 

S+ODD  PARITV+1  STOP  BIT 

0112 

i 

0114 

F054 

8b 

00 

LOH  H 

#$00 

;  SET  HC IH  CNTRL  REG 

0115 

F05b 

e.’ 

b000 

STA  h 

hc  1  hc 

011b 

PRINT  CR,  LP 

,  &  RETURN  TO 

MONITOR 

©nr 

0118 

F058 

MUNEN  T  ECU 

* 

0118 

P058 

MUNEN1  EUU 

+■ 

£1120 

F058 

BD 

F424 

J  SR 

PINIT 

0121 

F05C 

BD 

FS22 

JSft 

PCKLF 

0122 

0122 

* 

MON I T  OR 

ENTRY  POINT 

0124 

0125 

012b 

F05F 

MUNI T ft  EUU 

¥ 

012.-' 

F05F 

8£ 

FF8F 

LOS 

#60  S 

,  INIT  MON.  STACK 

0128 

P  062 

BO 

F2B8 

JSft 

RDRUFP 

0128 

F065 

Bb 

8001 

LOH  H 

HU  I  HO 

,  DUMP  TTV  INPUT  DATA 

0120 

F068 

8  b 

2E 

LOH  H 

#  •  > 

,  PROMP  r  USER 

0121 

F06H 

BO 

F2FB 

JSft 

ou  tch 

0122 

*• 

0122 

-+• 

REHO  TTY  LINE  •.  BUFPTR  > 

0124 

STORE  TTV 

INPUT  IN  BUF 

UNTIL  CR  IS  HIT 

0125 

012b 

F06D 

CE 

FF80 

LOX 

#BUF 

,  INITIALIZE  BUFPTR 

012.-' 

F0F0 

FF 

FFE0 

STX 

BUFF'  TR 

0128 

F0/2 

00 

SEC 

;  SET  ECHO  FLAG 

0128 

F0/4 

T8 

I-FE8 

RUL 

ECHO 

0140 

BEGIN  UNTIL 

LOOP 

0141 

F  0  7  7 

SC 

FFOi 

r  no  up:-: 

#BUF+  ,'l 

,  TEST  FOR  BUF  OVERFLOW 

0142 

FO/H 

2  b 

02 

BNE 

RT20 

,  NU  OVERFLOW 

0142 

F0FC 

20 

4F 

BRH 

hbor  1 

0144 

FU/E 

BO 

F41E 

fti 

20  JSft 

WHITT  V 

.;  READ  NEX  T  CHHR 

0145 

F081 

H.-' 

uu 

ki 

20  STH  H 

0,  X 

,  INSERT  CHHR  INTO  BUF 

0l4b 

F0S2 

08 

I  NX 

014F 

•+; 

WHILE  CONDITION 

0148 

F084 

81 

00 

R180  CMP  H 

#UR 

.  CHRP I AGE  RETURN  ? 

0148 

F086 

2b 

EF 

BNE 

R  T 10 

.  NO,  CONTINUE  LOOP 

0150 

:+• 

END  UF  LOOP 

0151 

* 

0152 

DECODE  ONE 

CHHR  COMMHND 

0152 

+• 

UUMPHRE  CHHR  WITH  THBLE 

OF  VALID  CHARS  FOLLOWED  BY 

0154 

+ 

hOORESSES 

OF  HPPROPR IHTE  ROUTINES 

0155 

015b 

F088 

BO 

F2H2 

JSR 

PXISTS 

•  GET  1ST  CHAR 

015?’ 

F08B 

08 

I  NX 

.  INC  BUFPTR 

0158 

F08C 

FF 

FFEO 

STX 

BUFF’  TR 

0138 

F08F 

CE 

F0H4 

LOX 

#1.  T  Hb'LE 

.  START  OF  TABLE 

01O0 

■I 

BEGIN  LUUP 

01bl 

F082 

Hi 

00 

DLUOP  CMP  H 

0,  X 

.  COMPARE 

01&2 

F084 

2b 

04 

BNE 

OLIO 

01b2 

POUND  CHHR. 

get  hooress 

IMMEDIATELY  FOLLOWING  CHAR. 

0164 

F086 

EE 

01 

LOX 

1,  x 

0163 

F088 

6E 

00 

•JMP 

0,  X 

•  GO  TO  PROPER  ROUTINE 

ami  6S00 

FRO  TO 

BOARD  MONITOR  PAGE  0084 

ASM  ' 

71.  1 

SEQ 

LOG 

OBJ  SOURCE 

0166 

*  NO  COMPARE 

MOVE  TO  NEXT  CHAR. 

016? 

F83A 

08 

DL10 

I  NX 

0168 

F03B 

08 

I  NX 

0163 

F03C 

03 

I  NX 

0170 

F03D 

C‘L.- 

F0C5 

CPX 

#CTEND  ,  END  OF  TABLE? 

0171 

F0H0 

26 

F0 

BNE 

DLOOP  .■  NO,  REPEAT 

0172 

+  END 

LOOP 

0172 

F0A2 

20 

21 

BRA 

ABORT  i  NOT  IN  TABLE 

0174 

.* 

0175 

F05F  MONEND 

EQU 

MON I TR 

0176 

4 

0177 

+•  C TABLE:  TABLE  OF  VALID  1  CHARACTER  COMMANDS. 

0178 

+  EACH  ENTRY  CONSISTS  OF  3  BYTES.  BYTE  1 

0173 

♦  CONTAINS 

THE  ASCII  CHAR.  BYTES  2,3  CONTAIN  THE 

0130 

*  ADDRESS 

OF  THE  APPROPRIATE  ROUTINE 

0181 

* 

0182 

F0A4  C TABLE 

EQU 

4c 

0133 

F0H4 

4C 

FOB 

•  L 

0134 

F0A5 

FI 

CB 

FOB 

LOAD 

0135 

F  0A  7 

47 

FOB 

G 

0136 

F0A8 

FI 

67 

FOB 

GO 

0187 

F0AA 

50 

FOB 

P 

0138 

F8AB 

FI- 

26 

FOB 

PUNCH 

0133 

F0AD 

42 

FOB 

e 

0130 

F0AE 

FI 

06 

FOB 

PREGS 

0131 

F0B0 

4D 

FCB 

M 

0132 

(-0t;l 

F5 

H2 

PDB 

MOVE 

0133 

F0B3 

5c- 

FCB 

V 

0134 

F064 

F  4 

D3 

FDB 

VF'Y 

0135 

F0B6 

43 

FCB 

I 

0136 

F0B.- 

F4 

E0 

FDB 

READ 

0137 

F063 

53 

FCB 

0133 

F0BH 

F4 

01 

FDB 

SM 

0133 

F0BG 

44 

FCB 

D 

0200 

F0BD 

FI 

4E 

FDB 

DM 

0201 

F0BF 

52 

FCB 

R 

0202 

F0CU 

FI 

06 

FDB 

PREGS 

0203 

F0C2 

45 

FCB 

E 

0204 

F0C3 

FI 

75 

FDB 

EOF 

0205 

h 0C5  Cl  END 

EQU 

4- 

0206 

0207 

*  ABORT 

0208 

* 

0203 

F0C5  ABORT 

EQU 

4. 

0210 

F0C5  BHD1NP 

EQU 

4c 

0211 

f-0C5 

Ct 

F231 

LDX 

#MQUES  ,  PRINT  ???? 

0212 

* 

0213 

+  PRINT  MSO 

AND  RETURN  TO  MONITOR 

0214 

4c 

0215 

F0C3  MSGMON 

EQU 

4- 

0216 

F0C8  MSGABT 

EQU 

4- 

0217 

F0CS 

3E 

FF3F 

LDS 

#603  ,  S  =  BOTTOM  OF  STACK 

0213 

F0CB 

IF 

SWI 

0213 

r  0CC 

12 

FCB 

IS  ,  PMSG 

0220 

FOOD 

20 

8A 

BRN 

M0NEN1 

4 
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SEQ 

LOG 

OBJ 

bOURcE 

0221 

0222 

•¥ 

•+•  SNi  HHNDLhR 

0221 

+  DEi ERMINE 

WHETHER  SWI  IS  MONITOR  CALL,  RS 

0224 

+  OR  USER  bWI  7NUTIMPLE.  > 

0225 

0226 

F0CF 

BREhKI  eqli 

*  ; BREAKPOINT  ENTRY 

022? 

F0CF 

01 

NOP 

;  REPLACES  JSR  PINIT 

022S 

FOD0 

01 

NOP 

.:  REPLACES  JSR  PINIT 

0229 

F0D1 

01 

NOP 

>  REPLACES  JSR  PINIT 

0220 

F002 

8*5 

30 

LDA  A 

#123  , PRETEND  TO  BE  SWI 

0221 

F0D4 

20 

1H 

BRH 

SWI 40  i  SAVE  REGS 

0222 

f- 

0222 

F0D6 

SWI HAN  EQU 

0224 

■+■  FIND  INDEX  f: 

:YTE  7 BYTE  AFTER  SWI  THAT  GOT  US 

0225 

F0D6 

38 

TSX 

0226 

F0D7 

EE 

05 

LDX 

5,  X  i X  =  RET  ADDR 

0227 

F0D9 

He. 

00 

LDH  A 

O,  X  ;H  =  INDEX  BYTE 

02 2 S 

F0DB 

2B 

0C 

BMI 

SWI 20  i BREAKPOINT? 

0229 

■+•  j.  F  USER  HAS 

ADDITIONAL  7RS>**2  ADDR  OF  1ST+ 

0240 

F0DD 

80 

18 

SUE:  H 

#24  ; RSRSR  CALL? 

0241 

F0DF 

2A 

03 

BPL 

SWI 20  .;  NO  — 

0242 

F0E1 

7E 

F5BE 

JMP 

RSRSR 

0242 

•T- 

0244 

•+•  USER  SWI 

0245 

024c. 

F0E4 

FE 

FFF4 

SWI 20  LDX 

USWI 

024?’ 

0248 

F0E7 

6  E 

00 

JMP 

0..  X  GO  DO  I T 

0249 

■+■  MON  I  TOR  CHLL.  COPY  REGS  FROM  S  T ACK 

0250 

0251 

F0E9 

20 

SWI 30  TSX 

, INCREMENT  RET  ADDR 

0252 

FOER 

6C 

Ub 

INC 

6'.*  X 

0252 

F0EC 

26 

02 

BNE 

SWI  40 

0254 

F0EE 

6C 

05 

INC 

5,  X 

0255 

F0F0 

CE 

FFEB 

SWI 40  LDX 

#CREG  ; DEST.  FOR  1ST  REG 

0256 

*  BEGIN  LOOP 

0257 

F0F3 

33 

SWI 50  PUL  E: 

.;  GET  REG 

0253 

F0F4 

E7 

00 

STA  B 

0,  X  .  ,  COPY 

0259 

F0F6 

03 

I  NX 

, MOVE  TO  NEXT  REG 

0260 

F0F7 

SC 

FFF2 

CPX 

#CREG+  7  j END  OF  LOOP? 

0261 

F0FA 

26 

F7 

BNE 

SWI  50 

0262 

+■  END  LOOP 

02*53 

0264 

•+•  S  NOW  CONTAINS  ITS  VALUE  BEFORE  SWI 

0265 

*  WAS  EXECUTED.  SAVE  IT 

0266 

♦ 

0267 

F0FC 

AF 

00 

STS 

0,  X 

0263 

+■ 

0269 

+  A  STILL  CONTAINS  SWI  INDEX.  TEST  IT 

0270 

0271 

F0FE 

81 

* 

CMP  R 

#129 

0272 

F 106 

2  b 

04 

BNE 

PREGS  , NOT  129  ;  BREAK 

0272 

F102 

8D 

07 

BSR 

PR.l  .•  129  :  SNAPSHOT 

0274 

0275 

F104 

20 

IE 

BRR 

+• 

RESTAK  ,  AND  RETURN  TO  USER 

s 
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SEQ 

LOC 

OBJ 

SOURCE 

02  76 

■+■  PREGS  ;  PRINT  USER  REGIS 

TERS 

0277 

* 

0278 

F106 

PREGS 

EQU 

+ 

0279 

F106 

3D 

02 

BSR 

PRl 

0280 

P 108 

i-'E 

P05F 

JMP 

MONEND 

0281 

F10B 

PRl 

ECU 

+ 

,  SUBR  TO  PRINT  REGISTERS 

0282 

F10B 

CE 

FFEB 

LDX 

#CREG 

,  X  POINTS  TO  1ST  BYTE 

OF  AREA 

0282 

*  PRINT  2  1-BVTE  REGS 

8284 

F10E 

C6 

02 

LDA  B 

#2 

,  SET  UP  COUNT 

0285 

0286 

F±X0 

2F 

PR  10 

SWI 

0287 

Fill 

OF 

FOB 

15 

, P2HEX 

0288 

F112 

BD 

F29E 

JSR 

PSPACE 

0289 

F115 

5A 

DEC  B 

0290 

F116 

2E 

F8 

BGT 

PR  10 

0291 

+ 

0292 

+  PRINT  2  2-B‘t 

TE  REGS 

0292 

F118 

Uo 

02 

LDH  b 

#2 

;  SET  UP  COUNT 

0294 

0295 

FilA 

BD 

F23A 

PR20 

JSR 

P4HEXS 

0296 

FllO 

5A 

DEC  e 

0297 

F11E 

2E 

FA 

BGT 

PR20 

0298 

0299 

F120 

BD 

F222 

JSR 

PCRLF 

, PRINT  CR  &  LF 

02G0 

F122 

RTS 

0201 

0202 

0202 

•+•  RES 

TORE  USEF 

STATUS  AND 

RETURN  FROM  MONITOR 

0204 

.+■ 

0205 

0206 

F124 

BE 

FFF2 

RESTAK 

LDS 

SREG 

,  TOP  OF  USER  STACK 

0— -0  7 

F127 

CE 

FFF1 

LDK 

#CREG+6 

>  USER  REGS. 

0208 

*■  BEGIN  LOOP 

0209 

F12A 

A  6 

00 

RUS10 

LDA  A 

0  ,.  X 

.;  GET  USER  REG 

0210 

F 120 

3  b 

PbH  A 

.;  PUSH  INTO  USER  STACK 

0211 

F12D 

03 

D  EX 

.i  MOVE  TO  NEXT  REG 

0212 

F12E 

SC 

FFEA 

CPK 

#CREG-1 

LAST  REG  ? 

0212 

F121 

2  b 

F7 

BNE 

RUS10 

.;  NO/  CONTINUE  LOOP 

0214 

*  END 

OF  LOOP 

0215 

F122 

2E* 

Rf  I 

,  RETURN  TO  USER  PROG 

0216 

* 

0217 

*  COMMANDS  AND  SUBROUTINES 

0218 

* 

0219 

0220 

*  CHE 

CKSUM  CCP 

SM  > 

0221 

+  VALIDA ft  CP 

SM 

0222 

¥■ 

0222 

P’124 

CHEKSM 

EQU 

* 

0224 

F124 

Bb 

FFE4 

LDA  A 

CKSM 

,  SAVE  CALC.  CKSM 

0225 

F127 

3  b 

PSH  A 

0226 

F128 

BD 

F2BC 

JSR 

NEXT2D 

,  A  .  =  NEXT  BYTE  FROM 

TAPE 

0227 

F12B 

23 

PUL  B 

0228 

F12C 

33 

COM  B 

,  B .  =  CALC.  CKSM 

0229 

F12D 

11 

CBM 

,  B  =  TAPE  CKSM ? 

022O 

F12E 

2b 

01 

BNE 

CS1 

•  NO. 

L 
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SEQ 

LOG 

OBJ 

SOURCE 

0381 

F140 

33 

RTS 

— o -*=i 

0333 

F141 

30 

•+* 

csi  rsx 

,  X :  =  ADDR  OF  CALC.  CKSM 

G334 

F142 

03 

DEX 

0335 

F143 

3F 

SWI 

033* 

F144 

OF 

FOB 

15 

, P2HEX 

0337 

F145 

BO 

F33E 

JSR 

PSPACE 

0338 

F148 

C£ 

F23* 

LDX 

ttMCSER 

•PRINT  "CKSM  ERR" 

0383 

F14B 

7E 

F0L-8 

JMP 

MSGABT 

0340 

0341 

★  DM  ADDL,  ADDH  COMMAND 

0342 

0343 

F14E 

DM  EQU 

0344 

F14E 

80 

35 

BSR 

GETRNG 

, GET  ADR  RANGE  FROM  BUF 

0345 

+. 

RETURNS  ADDL,  ADOH+l 

034* 

x  BEGIN  OUTER 

LOOP 

0347 

F150 

CE 

FFDC 

DM10  LDX 

ttADDL 

0348 

F153 

BD 

F33A 

JSR 

P4HEXS 

i PRINT  MEM <X>,  SPACE,  INC  X 

0343 

*  BEGIN  INNER 

LOOP 

0350 

F156 

FE 

FFDC 

DM20  LDX 

ADDL 

0351 

F153 

2F 

SWI 

0352 

F15A 

0F 

FOB 

15 

.i  P2HEX 

0353 

F15B 

BD 

F33E 

JSR 

PSPACE 

G354 

F15E 

FF 

FFDC 

STX 

ADDL 

0355 

F161 

BC 

FFDE 

CPX 

ADDH 

, ADDL-ADDH+1.  END  RNGE 

025* 

F  1*4 

0C 

BEQ 

DM50 

, EXIT  OUTER  LOOP 

0357 

Fl*6 

Bb 

FFDD 

LDA  A 

ADDL+1 

.;  LSB  S  OF  ADDL  -O,  END  LINE 

0358 

F163 

84 

0F 

AND  A 

tti-F 

0353 

F16B 

2* 

E3 

6NE 

DM20 

, NOT  END  OF  LINE  CONTINUE 

03*0 

*  END  OF  INNER  LOOP 

03*1 

F16D 

BD 

F322 

JSR 

PCRLF 

..PRINT  CR,  LF 

03*2 

F170 

20 

DE 

BRA 

DM10 

.;  EXIT  INNER  LOOP 

03*3 

*  END  OF  OUTER  LOOP 

03*4 

F172 

7E 

F053 

DM50  JMP 

M0NEN1 

, CR, LF,  BACK  TO  MONITOR 

03*5 

* 

03** 

*  PUNCH  END  OF  FILE  ANF 

60  NULLS 

0367 

:+• 

0368 

F175 

CE 

F2A8 

EOF  LDX 

#MPEOF 

,  PUNCH  EOF  RECORD 

03*3 

F 178 

3F 

SWI 

0370 

FI  73 

12 

FCB 

18 

;  PMSG 

0371 

0372 

*  PUNCH  60  NULLS 

W8  i  8 
0374 

F17A 

C* 

36 

NULLS  LDA  6 

#53 

, LOAD  COUNT 

0375 

*  BEGIN  LOOP 

0 3  7 * 

+ 

0x>  (  r 

FI  70 

4F 

NULL1  CLRA 

,  LOAD  NULL 

0378 

F17D 

BD 

F2FB 

JSR 

OU  TCH 

PRINT  1  NULL 

0373 

F180 

5A 

DEC  e 

, DECR  LOOP  CNT 

0x80 

F161 

2* 

F3 

BNE 

NULL1 

,  DONE  ? 

0x81 

■+•  END  OF  LOOP 

0882 

F183 

20 

ED 

BRA 

DM50 

, CR,  LF,  BACK  TO  MON I  TOR 

0383 

* 

0x84 

+ 

0385 

*  GETRANGE  '.ADDL,  ADDH,  BUFF TR> 

7. 
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SEQ 

LOG 

OBJ 

SOURCE 

0386 

*  GET  ADDRESS  RANGE  FROM  BUF 

0337 

■+■  ABORT 

IF 

INVALID 

0333 

*  SET  ADDH : 

-  ADDH+1  TO  SIMPLIFY  COMPARISONS 

0339 

+  RETURNS  ADDL  &  ADDH+1 

©390 

*  ALTERS  ADDR 

.  X.*  A.-  E: 

0391 

* 

0392 

.+■ 

0393 

F185 

GETRNG 

EQU 

+■ 

0394 

F1S5 

BD 

F2D6 

JSR 

NX T ADR  ;  GET  ADDR 

0395 

F183 

FE 

FFDA 

LDX 

ADR 

0396 

F18B 

FF 

FFDC 

STX 

ADDL  i  STORE  ADDL 

0397 

F1SE 

FF 

FFDE 

STX 

ADDH  ;  MAY  BE  ONLY  1  PARAMETER 

0398 

F191 

BD 

F2D6 

JSR 

NXTADR  ;  GET  ADDH 

0399 

F194 

-*•.  -7 

C.  1 

06 

BEQ 

GETRG3  ; ONLY  1  PARAMETER 

0400 

■+: 

0401 

F196 

FE 

FFDA 

GETRG1 

LDX 

ADR 

0402 

F199 

FF 

FFDE 

STX 

ADDH  SAVE  ADDH 

0403 

*  THE 

NEXT 

5 

INSTR  TEST  ADDH-ADDL 

0404 

F19C 

CE 

FF90 

GETRG3 

LDX 

#BASE  ;  REF  W.  R.  T.  BASE  OF  RAM 

0405 

F19F 

A6 

4E 

LDA 

A 

ADDH-BASE,  X  ,  MSBYTE 

0406 

F1A1 

E6 

4F 

LDA 

B 

ADDH+l-BASE,  X 

0407 

F1A3 

E0 

40 

SUB 

B 

ADDL+l-BASE,  X 

0408 

F1A3 

A2 

4C 

SBC 

A 

ADDL-BASE,  X 

0489 

F1A7 

24 

06 

BCC 

GETRG4  ,  ADDH,  GE,  ADDL 

0410 

F1A9 

CE 

F2S3 

RNGERR 

LDX 

4MRNGER  ,  RANGE  ERR  MSG 

0411 

F1AC 

7E 

F0C8 

JMP 

MSGABT  , PRINT  MSG  &  ABORT 

0412 

* 

0413 

F1AF 

FE 

FFDE 

GETRG4 

LDX 

ADDH  ;  INC  ADDH 

0414 

F1B2 

03 

I  NX 

0415 

F1B3 

FF 

FFDE 

STX 

ADDH 

0416 

F1B6 

39 

RTS 

0417 

0418 

GO 

COMMAND 

0419 

* 

0420 

FIB  7 

CE 

F  9O0 

GO 

LDX 

#1F9O0  SET  USER  STACK  VALUE 

0421 

F1BA 

FF 

FFF2 

STX 

SREG  >  STORE  IN  USER  ADDR 

0422 

F1BD 

BD 

F2D6 

JSR 

NXTADR  ,  GET  PARAMETER 

0423 

F1C0 

■77 

w  i 

06 

BEQ 

G10  .  NO  PARAM,  CONT  EXCUT. 

0424 

0425 

F1C2 

FE 

FFDA 

LDX 

ADR  ADR=PARAM  FROM  NXTADR 

0426 

F1C5 

FF 

FFF0 

STX 

PREG 

0427 

•+! 

0423 

F1C8 

7E 

F124 

G10 

JMP 

RESTAK  ,  <  I N  INTERRUPT  HANDLER,- 

0429 

* 

0430 

*  LOAD 

COMMAND 

0431 

0432 

F1CB 

LOAD 

EQU 

4- 

0433 

F1CB 

CE 

0000 

LDX 

#0  , INITIALIZE  RANGE  &  OFFSET 

0434 

F1CE 

FF 

FFD3 

STX 

OFFSET  TO  0000-FFFF,  0000 

0435 

F1D1 

FF 

FFDC 

STX 

ADDL 

0436 

F1D4 

09 

LOOFST 

DEX 

0437 

FIDO 

FF 

FFDE 

STX 

ADDH 

0438 

FIDS 

BD 

F2D6 

JSR 

NXTADR  ,  ANY  OPERANDS? 

0439 

F1DB 

ci  t' 

IE 

BEQ 

LHF2  ,  NO,  USE  DEFAULT 

0440 

FIDO 

FE 

FFDH 

LDX 

ADR  ;  YES 

AM I  6800 
ASM  VI.  1 


PRU T 0  BOARD  MUN  I  TOR 
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SEQ 

LOG 

OBJ 

SOURCE 

0441 

F1E0 

FF 

r  F  Do 

STK 

OFFSET 

;  IF  ONE,  IT'S  OFFSET 

0442 

F1E2 

BD 

F2D6 

JSR 

NKTRDR 

.:  ANOTHER? 

0442 

F1E6 

13 

BEG 

LHF2 

;  NO 

0444 

F1E8 

FE 

FFD8 

LDK 

OFFSET 

;  VES,  1ST  TWO  RRE  RANGE 

0445 

F1EB 

FF 

FFDC 

STK 

RDDL 

0446 

F1EE 

CE 

0000 

LDK 

#0 

0447 

F1F1 

FF 

FFD8 

STK 

OFFSET 

0448 

F1F4 

8D 

R0 

BSR 

GETRG1 

0449 

F1F6 

FE 

FFDE 

LDK 

RDDH 

045O 

F1F9 

20 

D9 

BRR 

LOOFST 

,  GO  TRV  RGRIN  FOR  OFFSET 

0451 

♦ 

BEGIN  OUTER 

LOOP 

0452 

FIFE 

BD 

F3C2 

LHF 

'2  JSR 

RDRON 

.;  TURN  ON  RERDER 

0453 

* 

SHORT  LOOP 

TO  SKIP  HDR 

RECORDS 

0454 

FIFE 

8D 

7© 

RDPRE  BSP. 

FINDS 

i  FIND  STRRT  OF  RECORD 

0455 

* 

SETS  <: 

ECHO> : =0  ON  ENTRV 

0456 

F200 

BD 

F41E 

JSR 

WRIT TV 

.;  RETURNS  <A>:=TTV  I/P 

0457 

F202 

Si 

30 

CMP 

R 

#  0 

.;  IGNORE  HDR  RECORDS 

0458 

F205 

2  7* 

F7 

BEG 

RDPRE 

0459 

* 

END  SHORT  LOOP 

046O 

F207 

B7 

FFE2 

STR 

R 

RECTVP 

j  SAVE  RECORD  TVPE 

0461 

F20R 

7F 

FFE4 

CLP. 

CKSM 

0462 

F20D 

BD 

F2BC 

JSR 

NEKT2D 

. READ  BVTE  COUNT  FROM  TAPI 

0463 

F210 

4R 

DEC 

R 

0464 

F211 

4A 

DEC 

R 

0465 

F212 

4  A 

DEC 

R 

0466 

F213 

B7 

FFE2 

STR 

R 

COUNT 

,  SAVE  BVTE  COUNT 

0467 

F216 

BD 

F2BC 

JSR 

NEKT2D 

READ  RDR  FIELD  FROM  TAPE 

0468 

F219 

B7 

FFDR 

STR 

R 

RDR 

,  1ST  BVTE 

0469 

F21C 

BD 

F2BC 

JSR 

NEKT2D 

0470 

F21F 

BB 

FFD9 

RDD 

R 

OFFSET+1 

0471 

F222 

B7 

FFDB 

STR 

R 

ADR+1 

,  2ND  BVTE 

0472 

F225 

B6 

FFDR 

LDR 

R 

RDR 

.;  CAP.RV  TO  FIRST  BVTE 

0472 

F228 

B9 

FFD8 

RDC 

R 

OFFSET 

0474 

F22B 

B7 

FFDR 

STR 

R 

RDR 

0475 

F22E 

66 

FFE2 

LDR 

R 

RECTVP 

,  GET  RECORD  TVPE  <0,  1,  9> 

0476 

F231 

81 

31 

LHF 

2  CMP 

R 

#1 

,  DRTR  RECORD? 

0477 

0478 

F223 

26 

14 

* 

BNE 

LHF4 

,  NO 

0479 

♦LORD  DRTR  RECORD 

0480 

* 

0481 

•+; 

BEGIN  UNTIL 

LOOP 

0482 

* 

0482 

F225 

BD 

F26C 

LDR10  JSR 

NEKT2D 

,  READ  2  HEK  DIGITS  FROM 

0484 

0485 

F228 

FE 

FFDR 

LDK 

RDR 

TAPE.  RETURNS  IN  R 

0486 

F22B 

BD 

F3CD 

JSR 

SETOFF 

,  STORE  IN  MEM  Os' >,  VERIFV 

0487 

F22E 

08 

INK 

0488 

F22F 

FF 

FFDR 

STK 

RDR 

0489 

F242 

7R 

FFE2 

DEC 

COUNT 

,  DOES  COUNT  =  O 

0490 

F  245 

2  E 

EE 

BGT 

LDRIO 

,  NO,  CONT  LOOP 

0491 

* 

END  UNTIL  LOOP 

0492 

F247 

20 

04 

BRR 

LHF9 

0493 

F249 

bil. 

29 

LHF4  CMP 

R 

#9 

,  EOF  RECORD? 

0494 

0495 

F24B 

2b 

13 

* 

BNE 

BRDTRP 

.;  ILLEGAL  RECORD  TVPE 

q. 


rtf-1 1  6SO0 
rtSM  VI.  1 


PROTO  BOARD  MONITOR 
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SEQ 

LOC 

OBJ 

SOURCE 

0436 

F24D 

BD 

r  134 

LHF3 

JSR 

CHEKSM  ;  CHECK  CKSf-1 

0437 

F250 

B  6 

FFE2 

LDA 

A 

RECTVP  ;  GET  RECORD  TYPE 

0438 

F253 

81 

33 

CMP 

A 

#'3  ; EOF  RECORD? 

0433 

F255 

26 

rt4 

BNE 

LHF2  >  NO,  CONT  LOOP 

0500 

+ 

0501 

*  END 

OF  OUTER  LOOP 

0502 

* 

0503 

F257 

BD 

F3B3 

JSR 

RDROFF 

0504 

F25fl 

CE 

F28D 

LDX 

ttMEOF  i PRINT  "EOF" 

0505 

F25D 

7E 

F0C8 

JMP 

MSGMON  ;  AND  RETURN  TO  MONITOR  LOOP 

0506 

* 

0507 

F260 

BD 

F3B3 

BAD TAP 

JSR 

RDROFF 

0508 

* 

0503 

F263 

CE 

F23F 

LDX 

#M TAPER  ; PRINT  "TAPE  ERR" 

0510 

F266 

3F 

SWI 

0511 

F267 

12 

FCB 

18  , PMSG 

0512 

•+ 

0513 

*  ACCEPT  NO 

COMMANDS  UNTIL  USER  PRESSES  ESC 

0514 

0515 

F26S 

7C 

FFE3 

INC 

ECHO  i  SET  ECHO 

0516 

* 

0517 

F26B 

BD 

F41E 

BT1 

JSR 

WAITTV  } ESC  CAUSES  ABORT 

0518 

F26E 

20 

FB 

BRA 

BTl 

0513 

0520 

*  FIND 

s 

0521 

*  READ  TAPE 

UNTIL  START  OF  RECORD 

0522 

0523 

F270 

FINDS 

EQU 

0324 

F270 

7F 

FFE3 

CLR 

ECHO  i  NO  ECHO 

0525 

■+•  BEG  I N  LOOP 

0526 

F273 

BD 

F41E 

FS10 

JSR 

WAITTV  ; READ  NEXT  TAPE  CHAR 

0527 

F276 

81 

53 

CMP 

A 

#'S  ; CHAR  =  S  ? 

0528 

F278 

«^6 

r  3 

BNE 

FS10  ,  NO 

0523 

*  END 

LOOP 

0330 

F27A 

33 

RTS 

0531 

0532 

+  MESSAGES 

0533 

* 

0534 

F27B 

42 

4144 

MBADR 

FCC 

/BAD  ADR/ 

0535 

F282 

04 

FCB 

S04 

0536 

F283 

52 

414E 

MRNGER 

FCC 

/RANGE  ERR/’ 

0537 

F28C 

04 

FCB 

#04 

0533 

F23D 

45 

4F4e> 

MEOF 

FCC 

/EOF/ 

0533 

F230 

04 

FCB 

#04 

0540 

F231 

3F 

3F3F 

MQUES 

FCC 

/  ??  ??/' 

0541 

F235 

04 

FCB 

#04 

0542 

F236 

43 

4B53 

MCSER 

FCC 

/CKSM  ERR/ 

0543 

F23E 

04 

FCB 

#04 

0544 

F23F 

54 

4150 

M TAPER 

FCC 

/TAPE  ERR/’ 

0545 

F2A7 

04 

FCB 

#04 

0546 

F2A8 

53 

3330 

MPEOF 

FCC 

/S3030000FC/ 

0547 

F2B2 

04 

FCB 

#04 

0548 

F2B3 

OD 

MCRLFS 

FCB 

CR 

0543 

F2e4 

Ort 

FCB 

LF 

0550 

F2B5 

00 

FCB 

#00 

to 


rtHI  680Q 
ASM  vi.  1 


PROTO  BOARD  MONITOR 


PrtGE  0011 


SEQ 

LOG 

OBJ 

SOURCE 

0551 

F2B6 

00 

FCB  $©0 

0552 

F2B7 

00 

FCB  $0© 

0552 

F2B8 

00 

FCB  TOO 

0554 

F2B9 

52 

FCB  S 

0555 

F2Brt 

21 

FCB  1 

0556 

F2BB 

04 

FCB  T04 

0557 

0558 

♦ 

NEXT  2  OIOI TS — 

0559 

RErtO  NEXT  2  CHrtR  FROM  TTV  TrtPE  AND 

056O 

* 

CONVERT  TO  HEX  NUMBER  IN  rt  REG.  UPOrtTE  CKSM. 

0561 

* 

RETURN  UPDATED  CKSM  IN  B  REG. 

0562 

♦ 

0562 

F2BC 

ne; 

T2D  EQU  * 

0564 

F2BC 

BO 

F41E 

JSR  WrtITTV  ;  GET  CHAR 

0565 

F2BF 

16 

TAB  ;  SAVE  CHAR  IN  A 

0566 

F2C0 

BO 

F41E 

JSR  WrtITTV 

0567 

* 

0568 

SET  UP  PARAMS  FOR  CONVERSION  ROUTINE, 

0569 

* 

PUSH  ASCII  CHARS  INTO  STACK, POINT  X  AT  STACK 

0570 

*■ 

SET  A=TVFE  OF  CONVERSION  AND  S=#  OF  CHARS  TO  CONVER 

0571 

0572 

F2C2 

26 

p  'z  n  rt 

0572 

F2C4 

27 

PSH  8 

0574 

F2C5 

20 

TSX 

0575 

F2C6 

C6 

02 

LOrt  B  #2 

0576 

F2CS 

2F 

SWI 

0577 

F2C9 

15 

FCB  2l  i  CONHB  CNVT  ASCII  TO  BINARV 

0578 

F2Crt 

24 

94 

BCC  BAD TAP  ,  IF  NON-HEX  CHAR.  ABORT 

0579 

* 

0580 

F2CC 

17 

TBA  ; UPDATE  CHECKSUM 

0531 

F2CD 

FB 

FFE4 

ADO  B  CKSM 

0582 

F2D0 

F7 

FFE4 

STA  B  CKSM 

0582 

F2D2 

21 

INS  ;  RESTORE  STACK  POINTER 

0584 

F204 

21 

INS 

0585 

F2D5 

29 

RTS 

0586 

* 

0587 

NEXT  ADR  < BUFP TR,  ADR  > 

0588 

■¥ 

0589 

* 

SET  ADR.=0  OR  NEXT  NUMBER  S'  RING  STARTING 

0590 

* 

AT  BUFPTR 

0591 

★ 

LEAVES  BUFPTR  AT  CR.  DELIMITER, OR  1ST 

0592 

♦ 

CHAR  BETWEEN  G  -  Z  . 

0592 

¥ 

LEAVES  <A>=  LAST  CHAR  SCANNED 

0594 

♦ 

LEAVES  vB>—  LS  BVTE  OF  ADR 

0595 

♦ 

0596 

* 

RETURNS:  CC-Z  FOR  NO  PARAMETER 

0597 

ABORTS  IF  NON-HEX  PARAMETER 

0398 

■¥ 

0399 

F206 

nx thor  equ  * 

0600 

F2D6 

7F 

FFOrt 

CLR  ADR  ADR=0 

0601 

F2D9 

7F 

FFOB 

CLR  ADR+1 

0602 

F2DC 

BO 

F2rt2 

JSR  PXISTS  ,  IS  THERE  A  PARAMETER? 

0602 

F2DF 

26 

01 

BNE  NA1  ,  VES 

0604 

F2E1 

29 

RTS  , RETURN  W/NO  PARAM  CC=Z 

0685 

AM  I  6300 
ASM  VI,  1 


PROTO  BOARD  MONITOR 
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SEQ 

LOG 

UB, 

j 

SOURCE 

0606 

*  SET 

UP  PARAMS  FOR  ASCII 

TO  HEX  CONVERSION 

0607 

* 

0608 

F2E2 

C6 

47 

NA1 

LDA  B 

#71 

;  MAX.  CHARS  TO  SCAN 

0609 

F2E4 

2F 

SWI 

0610 

F2E5 

15 

FCB 

21 

; CONHB 

0611 

F2E6 

FF 

FF£0 

STX 

BUFPTR 

0612 

F2E9 

B7 

FFDA 

STA  A 

ADR 

; SAVE  RESULT 

061j> 

F2EC 

F7 

FFDB 

STA  B 

ADR+1 

0614 

F2EF 

A6 

00 

LDA  A 

0,  X 

> CHECK  TERMINATOR 

0615 

F2F1 

3F 

SWI 

0616 

F2F2 

12 

FCB 

19 

j  ALPNUM,  IS  CHAR  ALPHA? 

0617 

F2F2 

25 

01 

BCS 

NAS 

VES 

0618 

F2F5 

39 

RTS 

0619 

* 

0620 

F2F6 

7E 

F0C3 

NAS 

.JMP 

ABORT 

,  NO 

0621 

+ 

0622 

*  DUTCH  =  PRINT  CHAP  IN  A 

0622 

+  OUTCHX  -  PRINT  CHAR  AT 

MEM«:.X> 

0624 

*  IF 

CHAR  = 

'CR..  FOLLOW 

WITH  LF  &  4  NULLS 

0625 

* 

0626 

F2F9 

A6 

00 

OUTCHX 

LDA  A 

0,  X 

; ENTRV1 

0627 

* 

0628 

F2FB 

DUTCH 

EQU 

* 

0629 

*  FIRST 

CHECK 

FOR  ESC 

0620 

F2FB 

JS*  f 

PSH  B 

0631 

F2FC 

Fb 

6000 

LDA  B 

AC  I  AS 

.i  AC I A  INPUT  STATUS 

0622 

F2FF 

57 

ASR  B 

; C :  =  RDRF 

0623 

F200 

24 

0A 

BCC 

OC10 

,  NO  INPUT 

0634 

F302 

F6 

6001 

LDA  B 

AC  I  AD 

;  READ  ACIA 

€•625 

F305 

Cl 

IB 

CMP  B 

#ESC 

0626 

F207 

26 

02 

GNE 

OC10 

;  NO  T  ESC 

0637 

F309 

7E 

F0C3 

JMP 

ABORT 

0628 

* 

0629 

F30C 

2F 

OC10 

SWI 

i  PRINT  CHAR 

0640 

F30D 

11 

FCB 

17 

.;  PUTA 

0641 

F30E 

81 

OD 

CMP  A 

#CR 

0642 

F310 

26 

0E 

BNE 

OC20 

^  NOT  CR.  RETURN 

0643 

* 

0644 

F212 

86 

OA 

LDA  A 

#LF 

.;  PRINT  LF 

0645 

F314 

3F 

SWI 

0646 

F215 

11 

FCB 

17 

>  PUTA 

0647 

F316 

4F 

CLR  A 

; PRINT  4  NULLS 

0648 

F317 

G6 

04 

LDA  B 

#4 

; SET  LOOP  CNT 

0649 

*  BEGIN  LOOP 

0650 

F319 

3F 

OCLOOP 

SWI 

0651 

F21A 

11 

FCB 

17 

>  PUTA 

0652 

F21B 

5A 

DEC  B 

0652 

F21C 

26 

FB 

BNE 

OCLOOP 

0654 

♦  END 

LOOP 

0655 

F21E 

O 

0D 

LDA  A 

#CR 

> RESTORE  A 

0656 

* 

0637 

F220 

OC20 

PUL  B 

0658 

F221 

23 

RTS 

0639 

0660 

+■  PRINT  CR,  LF 

,  NULL 

\l 


AMI  6800 
ASM  VI.  1 


PROTO  BOARD  HON I  TOR 
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SEQ  LOC  OBJ 


SOURCE 


0663 

F322 

86 

OD 

PCRLF  LDA 

A 

ttCR 

0664 

F324 

20 

D5 

BRA 

DUTCH 

i  DUTCH  PRINTS  LF  AFTER  Ci 

0665 

* 

0666 

*  PUNCH  ADDL 

,  ADDH 

0667 

*  PUNCH  MEMORV  CONTENTS 

BETWEEN  ADDL  &  ADDH 

0668 

+  IN  HEX 

FORMAT 

0669 

*■ 

0670 

F326 

BD 

F185 

PUNCH  JSR 

GETRNG 

;  READ  ADDL  &  ADDH+1 

0671 

F329 

CE 

0000 

LDX 

#0 

0672 

F32C 

FF 

FFD3 

STX 

OFFSET 

0673 

F32F 

SD 

A5 

BSR 

NX T ADR 

>  ANV  OFFSET? 

0674 

F331 

06 

BEQ 

PHF15 

i  NO 

0675 

F333 

FE 

FFDA 

LDX 

ADR 

;  VES 

0676 

F336 

FF 

FFD8 

STX 

OFFSET 

0677 

0678 

*  PUNCH  DATA 

RECORD  UNTIL 

ADDL  =  ADDH 

0679 

0680 

F339 

PHF15  EQU 

0681 

•+•  BEG  I N  LOOP 

0682 

* 

0633 

•+•  CALCULATE  DATA  LENGTH  = 

M I N >:!  30..  ADDH+l-ADR  > 

0634 

* 

0635 

F33S 

F6 

FFDF 

PHF20  LDA 

B 

ADDH+1 

B :  =ADDH-ADDL 

0686 

F33C 

FO 

FFDD 

SUB 

B 

ADDL+1 

0687 

F33F 

Bt- 

FFDE 

LDA 

A 

ADDH 

0688 

F342 

B2 

FFDC 

SBC 

A 

ADDL 

0683 

F345 

26 

04 

BNE 

PUNDIO 

DIFF  GT.  256 

0690 

F347 

Cl 

IE 

CMP 

B 

#30 

,  LS  BYTE  GT.  30? 

0691 

F349 

£3- 

02 

ELS 

PUND20 

0692 

0693 

F34B 

Co 

IE 

PUNDIO  LDA 

B 

#30 

i  DIFF  GT.  30 

0694 

0695 

F34D 

5C 

PUND2U  INC 

B 

; COUNT : =COUN T+3 

0696 

F34E 

5C 

INC 

B 

;  .  .  .  INCLUDES  ADDR  &  CKSM 

0697 

F34F 

5C 

INC 

B 

0698 

F350 

F7 

FFE3 

STA 

B 

COUNT 

0699 

F353 

CE 

F2B3 

LDX 

#MCRLFS 

0700 

F356 

3F 

SWI 

0701 

F357 

12 

FCB 

i  PMSG 

0702 

F358 

5F 

CLR 

B 

i  B  HOLDS  CKSM 

0703 

F359 

CE 

FFE3 

LDX 

ttCOUNT 

0704 

F35C 

8D 

34 

BSR 

PUNBV T 

0705 

F35E 

Si' 

PSH 

B 

0706 

F35F 

FE 

FFDC 

LDX 

ADDL 

.;  COMPUTE  OFFSET  ADDRESS 

0707 

F362 

B6 

FFD3 

LDA 

A 

OFFSET 

0703 

F365 

F6 

FFD9 

LDA 

B 

OFFSET+1 

0709 

F368 

3F 

SWI 

0710 

F369 

08 

FCB 

8 

, ADDABX 

0711 

F36A 

FF 

FFDA 

STX 

ADR 

, PUNCH  FROM  ADR 

0712 

F36D 

CE 

FFDA 

LDX 

#ADR 

0713 

F370 

PUL 

B 

0714 

0715 

F371 

8D 

IF 

BSR 

PUNBV  T 

,  INCREMENTS  X> 

AMI  *>300  PROTO  60AR0  MONITOR  PAGt  0014 

ASM  VI.  1 

SEQ  LOC  OBJ  SOURCE 


0716 

F373 

80 

10 

BSR  PUNBVT 

0717 

F375 

FE 

FFOC 

LOX  AOOL 

,  RESTORE  X 

0718 

♦ 

0719 

* 

PUNCH  BYTES  FROM  MEMORY 

UNTIL  COUNT  IS  EXHAUSTED 

0720 

* 

0721 

* 

BEGIN  LOOP 

0722 

F378 

80 

18 

PREC10  BSR  PUNBVT 

,  •:.CC=0  IF  COUNT  =  0> 

0723 

F37A 

2E 

FC 

BGT  PREC10 

0724 

* 

ENO  LOOP 

0725 

F37C 

FF 

FFOC 

STX  AOOL 

j SAVE  X 

0728 

F37F 

CE 

FFE4 

LOX  #CKSM 

,  PUNCH  CHSM 

0727 

F382 

53 

COM  B 

0728 

F333 

E7 

00 

ST  A  B  0,  X 

CD 

II 

ijn 

j L. 

o 

•*. 

0729 

F  385 

80 

OB 

BSR  PUNBVT 

0730 

1-  3b7 

FE 

FFOC 

LOX  AOOL 

0731 

F38A 

6C 

FFOE 

CPX  AOOH 

0732 

F38D 

26 

AA 

BNE  PHF20 

0733 

ENO  LOOP 

0734 

F3SF 

7E 

F039 

JMP  M0NEN1 

0735 

073b 

* 

PUNBVT  <.  MEM < X  > ,  COUNT,  CK 

SM> 

0737 

PUNCH  BYTE  AT  MEM<X> 

AND  ADJUST  COUNT  AND  CKSM 

0738 

CC=Z  IF  COUNT  =0 

0739 

* 

0740 

F392 

EB 

00 

PUNBVT  AOO  B  0, X 

j  CKSM:=CKSM+MEMc:X> 

0741 

F394 

3F 

SWI 

0742 

F395 

0F 

FCB  15 

;  P2HEX,  PRINT  MEMOO  AS  2  CHAR 

0743 

F396 

7A 

FFE3 

OEC  COUNT 

0744 

F399 

RTS 

0745 

* 

07 4b 

+■ 

P4HEXS :  PRINT  2  BYTES 

AT  X  AS  4  HEX  CHARS  +  2  SPACES 

0747 

* 

0748 

F39A 

3F 

P4HEXS  SWI 

0749 

F296 

10 

FCB  16 

;  P4HEX 

075O 

F39C 

80 

00 

BSR  PSPACE 

0751 

* 

0752 

* 

PSPACE -  PRINT  1  BLANK 

SPACE 

0753 

+■ 

0754 

F39E 

86 

20 

P*f 

PACE  LOA  A  #6LANK * 

0755 

F3A0 

2F 

SWI 

0756 

F3A1 

11 

FCB  17 

,  PUTA 

0757 

F3A2 

39 

RTS 

0758 

* 

0759 

* 

P ARAM  EX I STS < BUFF TR > 

<#BUFPTR>=  BUFPTR 

0760 

•* 

<X>  =  BUFPTR 

0761 

* 

INC  BUFPTR  UNTIL  CHAR  = 

ALPHA  OR  CR 

0762 

•f. 

LEhVE  a  =  MEM  (.BUFPTR  > 

0763 

* 

SET  Z  IF  NO  PARAMETER  E 

•a  STS 

0764 

0765 

FI  A3 

p;- 

I  STS  EQU 

,  ENTRY  FOR  <  #BUFPTR > =BUFPTR 

0766 

F2AS 

FE 

FFEO 

LOX  BUFPTR 

6767 

P'3h6 

p;s 

I STX  EQU  ♦ 

> ENTRY  FOR  <X>=BUFPTR 

0766 

>• 

BEGIN  LOOP 

0769 

F3A6 

A6 

00 

p: 

1  LDA  A  0,  X 

,  IS  CHAR  ALPHANUM? 

0770 

F3A6 

3F 

SWI 

,  IS  CHAR  ALPHANUM? 
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pro  r  u 

BGRRD  MONITOR  PRGE  OOl 

VI.  1 

LOC 

OBJ 

SOURCE 

F3R9 

13 

FCB 

19 

, RLPNUM 

F3RR 

25 

or 

80S 

PX2 

, VES,  EXIT  LOOP 

F3RC 

31 

OD 

CMP 

R 

#CR 

i  IS  CF1RR  CR? 

F3RE 

»' 

03 

BEQ 

F'X2 

, VES,  EXIT  LOOP 

F3B0 

OS 

I  NX 

MOVE  TO  NEXT  CHRR 

F361 

20 

F3 

BRR 

PXi 

*  END 

LOOP 

F363 

FF 

FFEO 

PX2 

STX 

BUFF'TR 

F3B8 

Si 

OD 

CMP 

R 

#CR 

i SET  Z  IF  NO  PRRRMETER 

F3B3 

39 

X 

RTS 

•T* 

;+-  RDR 

OFF 

*■  TURNS 

TRPE  RDR  OFF: 

* 

RC 

IR  RTS  O/P 

HIGH 

* 

RC 

IR  CHRP  12R 

C  +  f 

•+•  OLD 

VERS 

ION 

OUTPUT  RSC 

II  13  •'  DC  3  > 

F3B9 

RDROFF 

EQU 

* 

F3B9 

yo 

til 

LDR 

R 

#101 

>  RTS  HIGH 

F36B 

BF 

8000 

RDF90 

STR 

R 

RC  I  RC 

i SET  RCIR  CONT  REG 

F3BE 

38 

2R 

LDR 

R 

#12R 

, SEND  TTV  RDR  CONT  CHRR 

F3CO 

3F 

SWI 

F3C1 

11 

FCB 

ir 

;  PU  TR 

F3C2 

39 

X 

RTS 

*T* 

•+•  RDR 

ON : 

+■  TURNS 

jN 

TRPE  RERDER 

RCIR 

RTS  O/P  LOW 

* 

X 

RC 

IR 

CHRR  111  >. D 

:i  > 

F3C3 

RDRON 

EQU 

+. 

F3C3 

,Sb 

41 

LDR 

R 

4141 

,  RTS  LOW 

F3C5 

BF 

8000 

RUN  90 

STR 

H 

RC  I  RC 

, SET  RCIR  PUNT  PEG 

F3C3 

38 

11 

LDR 

R 

#111 

,  SEND  TTV  PC'P  CONT  CHRR 

F3CR 

3F 

SWI 

F3CB 

11 

FCB 

ir 

,  PUTR 

F3CC 

39 

RTS 

*  SETMEMCX 

*  SETS 

MEM  OO 

: =H  RND  VER I FV 

F3CC- 

:+- 

SETOFF 

EQU 

+■ 

F3CD 

3  b 

PSH 

R 

..FIRST  CHECt  F'RNGE 

F3CE 

B8 

FFDC 

LDR 

R 

RDDL 

, LOW  LIMIT 

F301 

F8 

FFDO 

LDR 

B 

RDDL+i 

F3D4 

3F 

SWI 

F3D5 

OB 

FCB 

11 

,  SUBXRB 

F3D8 

OR 

BHi 

SETOU T 

.;  TOO  LOW 

F3D3 

B8 

FFDE 

LDR 

H 

RDDH 

, HIGH  LIMIT 

F3D6 

F8 

FFDF 

LDR 

B 

RDOH+1 

F3DE 

3F 

SWI 

F3DF 

OB 

FCB 

11 

,  SUBXRB 

F3Eu 

or 

BCC 

SETFUL 

,  UP 

F3E2 

—■ci 

SETOU I 

PUL 

R 

, OU T  S I DE  RRNGE  LIMITS 

F3E3 

bt* 

FF 

LDR 

R 

#255 

•  TYPE  DELETE1,  RUBOUT' 

F3E5 

3F 

SWI 

IS 
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SEQ 

LOG 

06. 

SOURCE 

0826 

F2E6 

11 

FOB 

17 

, PUTA  SIGNAL  FACT  TO 

0827 

F2E7 

20 

17 

BRA 

SETM1 

, OTHER,  IGNORE  STORE  REQ 

0828 

F2E9 

SETPUL  PUL 

A 

0829 

F2EA 

SETMEM  EQU 

+■ 

08SO 

F2EA 

H7 

00 

STA 

A  O,  X 

0821 

F2EC 

A1 

80 

CMP 

A  O,  X 

;  VERIFV 

0822 

F2EE 

I- 

10 

BEQ 

SET  Ml 

,  ERROR? 

0822 

■+•  VERIFV  ERROR,  PRINT  ADR 

0824 

F2F0 

FF 

r  FOA 

STX 

ADR 

, SET  PARAM  FOR  P4HEX 

0823 

r  SFI 

i.E 

r  FOA 

LDX 

ttADR 

0826 

F2F6 

6D 

‘-1 

BSR 

ROROFF 

0827 

F2F8 

80 

HO 

BSR 

P4HEXS 

0828 

FIFA 

Lt 

i-  2  7£; 

F'BAOR  LDX 

W MB AOR 

, PRINT  "BAD  ADR" 

0829 

F2FD 

7E 

Ft.  to 

JMP 

MSGABT 

..PRINT  MSG  &  ABORT 

084O 

0841 

F4O0 

SETHI  RTS 

0842 

0842 

SM  AOR  BVTE1..  BVTE2,  .  .  . 

_ 

0844 

♦ 

0843 

F  4  t«l 

8H  EDO 

.+• 

0846 

F401 

BO 

r  _L‘ro 

J  SR 

NX T AOR 

, ADR : =  NEXT  PARAM 

084  7 

♦ 

0848 

F404 

Ft 

r  t-  L'rt 

oil  1  lo;  : 

HOP 

.  SAVE  ADR  IN  ADL 

0849 

F407 

P  r 

r  h  L'i. 

i.T : . 

At'OL 

0830 

♦  ecu  IN  WHli_E  LOOP 

0831 

F40A 

80 

P  wD* 

ofilti  ISP 

nx thor 

,  ADR  =  NEXT  PARAM 

0832 

F  40G 

»' 

til 

BEO 

SMI  0 

, END  OF  LINE, EXIT  LOOP 

0832 

F  4  OF 

r  L 

r  r  Dl¬ 

lo.: 

At'OL 

, X : =  ADD  TO  BE  SET 

0834 

F411 

17 

r&A 

, A.=  LS  BVTE 

0835 

F41_. 

80 

l'  j 

BSR 

SETMEM 

,  MEM*.X>  .  -A,  VERIFV 

03jit, 

F413 

tit. 

I  NX 

,  MOVE  TCi  NEXT  ADD 

uo5r 

F4ic. 

PF 

P  P  oc 

STX 

At'OL 

0838 

F419 

t0 

EP 

BRA 

SM10 

0859 

*  END  OF  LOOP 

0860 

F41B 

7E 

F03F 

SM20  JMP 

M0NENO 

0861 

r- 

0862 

WAIT  FOR 

T  TV  i  CHAR,  ECHO 

i  ft EC HO > =ECHO 

0862 

RETURN 

NEXT  TTV  CHAR 

IN  A 

0864 

♦  IF  1 ftECHO >  NOT  O'  ,  ECHO  CHAR 

0863 

4- 

0866 

F41E 

WHIT  TV  EQU 

4- 

0867 

+■  LOOP  UNTIL  INPUT  ,  NE  RIJBOUT 

0868 

F41E 

2F 

W10  SWI 

, READ  TTV 

0869 

F41F 

14 

FCB 

20 

;  GETA 

087O 

F420 

81 

IB 

CMP 

a  #esc 

ESCAPE? 

0871 

F422 

26 

02 

BNE 

W20 

,  NO 

0872 

F424 

7 1 

F  tit.  3 

JMP 

ABOR  T 

, VES, ABORT 

0872 

P'427 

81 

7F 

W20  CMP 

A  W  RIJBOUT 

, RUBOUT? 

0874 

F429 

•=1  l' 

F2 

BEQ 

W10 

, VES  CONTINUE 

*38  73 

>•  END  UNTIL 

LOOP 

087 6 

F42B 

70 

FFE9 

TST 

ECHO 

0377 

F42E 

l" 

02 

BEu 

WIO 

■  NO  ECHO 

0878 

F420 

60 

F2FB 

J  SR 

OUTCH 

,  ECHO  A 

0879 

F422 

29 

W30  RTS 

088O 

+  WHS  uRij  IP  42E 
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SEO 

LOC 

OBJ 

SOURCE 

0881 

0001 

MOVER 

EQU 

1 

0882 

000 A 

DELAY 

EQU 

10 

0883 

*  PI  A 

LOCATIONS 

0884 

5000 

PI  A 

EQU 

f 5000 

0885 

0001 

V50 

EQU 

*5001— P I A 

0004 

PROM 

EQU 

*5004— P I A 

088  r 

*■  STANDARD  RAM  BUFFER  <0 

0888 

FCO0 

RAM 

EQU 

IFCOU 

0889 

0390 

+RSRSR 

CALL  LOCATIONS 

0391 

■+: 

0892 

+■  i  N I 

TIALIZE 

PROM  BURNER 

0393 

F434 

PI  NIT 

EQU 

0894 

F434 

39 

RTS 

0895 

■+•  WAS 

ORG  TF43 

:Q 

0896 

0897 

•+•  TYPE  A  IN  BINARY,  ENCLO 

0898 

0399 

F435 

P8BIN 

EQU 

T- 

0900 

F435 

i' 

F'SHB 

0901 

F436 

36 

PSHA 

0902 

F437 

8D 

0F 

BSR 

PSP 

0903 

F439 

ji-  2 

PUL  A 

0904 

F43A 

C6 

08 

LDA  B 

#8 

09O5 

F43C 

49 

AS 

ROL  A 

0906 

F43D 

3-6 

PSH  A 

09O7 

F43E 

36 

18 

LDA  A 

#24 

0908 

F440 

49 

ROL  A 

0909 

F441 

3  F 

SWI 

0910 

F442 

11 

FCB 

17 

0911 

F443 

32 

PUL  A 

0912 

F444 

8  A 

DEC  8 

0913 

F445 

2  c- 

F5 

BNE 

AS 

0914 

F44  7 

PUL  B 

0915 

F448 

7E 

r"3sE 

PSP 

JMP 

PSF'ACE 

0916 

.+• 

0917 

•+■  RAM. 

•ROM  ADDRESS  SETUP 

0913 

0919 

F44B 

CE 

FC00 

RASV 

LDX 

#RAM 

0920 

F44E 

FF 

FFDC 

STX 

ADDL 

0921 

F451 

CE 

F'EQU 

LDX 

#F.AM+512 

0922 

F454 

FF 

rFC’E 

STX 

ADDH 

0923 

F457 

7F 

FFE3 

CLR 

COUNT 

0924 

F45A 

BD 

F3A3 

JSR 

EXISTS 

0925 

F45D 

2  7 

06 

BEQ 

AAI 

0926 

F45F 

BD 

F185 

JSR 

GETRNG 

0927 

F462 

7C 

FFE3 

INC 

COUN  T 

0923 

F465 

FE 

FFDC 

AAi 

LDX 

ADDL 

0929 

F46o 

FF 

FFD8 

STX 

PROMAD 

0930 

F46B 

BD 

F2D6 

JSR 

NX  T  ADR 

0931 

F46E 

2  7 

06 

BEQ 

AA3 

0932 

F4  70 

FE 

FF'DA 

LDX 

ADR 

0933 

F473 

FF 

FFD8 

STX 

PROMAD 

0934 

F4  7  6 

CE 

FFD8 

hA^. 

LDX 

ttF'ROMAD 

0935 

F4  79 

OD 

SEC 

;0=MOVE  ROUTINE  EXCLUDED 
, POST  PROG  DELAY  BEFORE  VFV 


;  SUB  FOR  ORG  MONITOR 


SAVE  B 

PRINT  LEADING  SPACE 
8  DIGIT  COUNTER 


(.=1X2  ASCII 


PR I NT A 


U 


PRINT  ONE  MORE  SPACE 


INITIALIZE  POINTERS  TO  DEFAULT  RAM 


;et  full  prom  flag 

IF  NO  ADDRESS 


DEFAULT  PROM  ADDRESS 
IS  SAME  AS  START 
TRV  FOR  PROM  ADDRESS 
NO 
VES 

VERIFY  THAT  RANGE  <>  512 
■  FORCE  BORROW  > 
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SOURCE 


093-6 

OSS? 

osss 

0939 

0940 

0941 

0942 

0943 

0944 

0945 

0946 

094? 

0948 

0949 

0950 

0951 

0952 

0953 

0954 

0955 

0956 

095? 

0958 

0959 

096O 

0961 

0962 

0963 

0964 

0965 

0966 

096? 

0968 

0969 

09  ?0 

09  ?1 

09?2 

09?3 

09?4 

09  ?5 

09?  6 

09?? 

09  ?8 

09?  9 

0980 

0981 

y  “•bd 

y  3  3  _ 

0984 

0985 


E6 

0  ? 

LDA 

£; 

T*  x' 

E2 

05 

SBC 

B 

5,  X 

A  6 

06 

LDA 

A 

6,.  X 

A2 

04 

SBC 

A 

4,  X 

81 

02 

CMP 

A 

#2 

2C 

08 

BGE 

AA4 

EB 

01 

ADD 

B 

1,  X 

A9 

00 

ADC 

A 

0..  X 

A  8 

00 

EOR 

A 

0,.  X 

34 

FE 

AND 

A 

WIFE 

26 

01 

BNE 

AA4 

0  '«4 

7  E 

F1A9  HA4 

r.  i  — • 

JMP 

RNGERR 

TVPE  RAM  tt 


P494  CE 
F49?  3F 
F498  10 
F499  FE 
F49C  Ho 
F49E  8t> 
F4A0  B6 
F4A3  8D 
F4A5  CE 
F4A8  A6 
F4AA  A1 
F4AC  2? 
F4AE  3F 
F4AF  10 
F4E0  BD 
F4B3  86 
F4B5  48 
F4B6  39 


F4B?  CE 
F4BA  A6 
F4BC  B? 
F4BF  A6 
F4C1  CE 


FFDC  VERR 


FFCC 

00 

95 

Syy<3 

SO 

FP  Do 
01 
05 
02 


ldx 

SMI 

FCB 

LDX 

LDA  A 

BSR 

LDA  A 

BSR 

LDX 

LDA  A 

CMP  A 

BEQ 

SMI 

FCB 

JSR 

LDA  A 

ASL  A 

RTS 


ROM  ADDRESS 
#ADDL 
16 

ADDL 

0  .,  x 

P8BIN 

PR0H+2+P I A 
PSBIN 
# PROM AD 

1,  X 


16 

PCRLF 

#64 


, -ADDH+1 
; =ADDL+1 


SHOULD  BE  1  OR  0 
T  00  B 1 0 

+  SHOULD  NOT  OVERSP  PROM 


, IT  DOES 

i  ADDRESS  RANGE  ERROR 
&  DATA 

TVPE  RAM  ADDRESS 
, P4HEX 

NOW  THE  BYTE  THERE 


.a  THEN  PROM  DATA 

i  NOW  IF  ADDRESS  <.LOW  B> 

; DOES  NOT  MATCH  RAM  ADDREi 
, =ADDL 

i  PRINT  PROM  ADDRESS 
,  P4HEX 


,  exit  C=0,  Z=0,  V=1 


FFD8 

01 

5004 

00 

5000 


+■  FROM  ADORES 
* 

ADDRS  LDX 

LDA  A 
STM  A 
LDA  A 
LDX 


SS  SETUP  ■&  DATA  READ 


# PRO MAD 

1,  X 

PROM+P I A 
0,  X 
#F  I A 


F4C4 

43 

ASL 

A 

F4C5 

4C 

INC 

A 

F4C6 

4  © 

ASL 

H 

F4C  ? 

48 

ASL 

A 

A8 

0? 

E*JK 

H 

r-'P  Oi  1 + _ 

r  *-H.  n 

•r.'-f 

UC 

AND 

A 

412 

F4CC 

A8 

h  r 

EOF 

ri 

r  R  Uli+ 

r  *•  i  *_  3. 

ri  7 

0? 

i-1  n 

r  P  Ul  l  +  _ 

r  4Dfc< 

n*3 

ut'fi 

ri 

P  Pi.'H+c. 

F4D2 

“>7 

r  i  z- 

, LOW  8  B I TS 
>  H I GH  BIT 
..POSITION  IT 

■WITH  DATA  REGISTER  SELECT 
. INSERT  INTO  CONTROL 


READ  DATA 


Or*  9 
...  990 


r  r  url  v  EP  i  P  V 


\B 


T 


rii'l  I  6 
RSf'l  ' 

SEQ 

099± 

09!?-+ 
099  J 

0  r*  .c  5 


G999 

1000 

1001 

lOQi 

l00_- 

±004 

1005 

1006 
1005 

100  o 

1009 

1010 
1011 
1012 
1015 

1014 

1015 

1016 
x0±  r 
1018 

1019 

1020 
1021 
1022 
1025 

1024 
1023 
1026. 

1025 
1028! 
1029 

1050 

1051 

1052 
1055 

1054 

1055 

1056 
105  5 
10x8 
1059 

1040 

1041 

1042 
1045 

1044 

1045 


800 

r  KU  i  U 

burro  muni  ror. 

-  Rut 

1.  X 

Lc.: 

'  jcD-_ 

SOURCE 

1  ~ j. 

tz  L  * 

64h-6  v'FV 

JSR 

R  Rev 

UU  SET  UP  R00RES6.Es 

r  4  l  •  c 

80 

±0  RV 

BSR 

V  r*  T  X 

VERIFV  ONE  LOCRTION 

r  408 

24 

U2 

BCC 

RN 

NO  ERROR, OR  PRINTED 

6  -t  L'  ri 

80 

5R 

cSc 

JVER 

PRINT  FIXRBLE  ERROR. 

6  4  Du 

8D 

11  HN 

BSR 

INCRD 

INCREMEN  T  REPRESSES 

r  4DE 

20 

Ft. 

BRh 

RV 

>•  PRuM 

RERD 

F4E0 

C>L‘ 

rH*+b  READ 

J  SR 

RRSV 

SET  UP  POINTERS 

F4c_ 

L  • 

i>2  HK 

BSR 

flDDRS 

RERD  ONE  BYTE 

r  -teO 

F  £ 

FF  L-C 

LDX 

RODL 

F4Ec 

Bl> 

r  I  EH 

JSR 

SE  THEM 

STORE  IN  RRM 

F4EB 

80 

►j2 

BSR 

I NCRO 

NEXT 

FnCL' 

2u 

F  4 

BRH 

Fir! 

T- 

*  INCREMENT  RRM/ROM  RDDRES 

9  POINTERS 

F4EF 

FE 

-T* 

FFDo  INCRD 

LDX 

F'RGMRD 

F4F2 

03 

I  NX 

F4F5 

FF 

r  6l'8 

STX 

PROMRD 

F4F6 

F6 

rrl'C  INK 

LDX 

RODL 

F4FS 

C 

I  NX 

F4FR 

66 

F  F  0  L- 

STX 

HOOL 

t-460 

ec 

FFDE 

CPX 

ROOH 

6  5O0 

±6 

B5 

BNE 

ROOFS 

F502 

5E 

F05F  EXIT 

•JMP 

IIUNITR 

EXIT  TO  MONITOR 

+■ 

*  PROM 

OR  I R 

VERIFV,  ONE  BYTE 

6  505 

3D 

BO  VFVi 

BSR 

HOOPS 

SET  UP  6  RERD  R  BYTE 

F50  7 

FE 

FF'OC 

LDX 

rool 

CuMPRRE  T U  RRM 

F50R 

Hi 

00 

CMP  R 

0..  X 

F50C 

O  5 

BEQ 

RX 

i  OK  :  C“0,  Z=l,  V=0 

F50E 

45 

COM  R 

.  NO,  IS  IT  FIXRBLE 

F50F 

RH 

00 

ORR  H 

0.. 

I .  E.  NO  RRM--0,  PROM-1 

F511 

45 

COM  R 

F512 

26 

02 

BNE 

..TVER 

YES.  C=l,  Z-0,  V=0 

F514 

4C 

INC  R 

F515 

59 

RX 

RTS 

F316 

5E 

F494  ..TVER 

JMP 

VERR 

NO,  TYPE  ERROR 

■+•  PROM 

BURNER  ROUTINE 

•+•  NOT 

CODED 

+  WRS  OR0  ±F3 

14 

F319  BURN 

EQU 

F519 

56 

F  0C5 

JMP 

ABORT 

+WHS  06:0  IF 520 

+:  POWER  ON  INITIRL  SEQUENCE 

*  SETS  FIR  TO  OE TERN I WE  NODE 

+  PORT  " H"  -  input 

+  PORT  "B "  -  OUTPUT  +  1  INPUT 

:+.  PB0  -  FB6  =  OUTPUTS 

>.  PB5  •  INPUT  OF  TTV  ENHBLE  ',0=  X  TV  CONNECT  ' 

OS'OO  OPMODE  EQU  iOBUU  .■  NOPMRL  OP  MODE  PROM  RBDP 


ie 
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SEQ 

LOG 

OB, 

J 

SOURCE 

1048 

F51C 

F  WR I 

EQIJ 

+: 

104  r 

F51C 

&B 

00 

LDR 

R 

#$00 

;  LORD  CRR  HURD 

1048 

F51E 

67 

5001 

STR 

R 

15001 

SET  CRR 

1043 

F321 

67 

5000 

STR 

R 

15000 

ENB  DDRR  RLL  INPUT 

1000 

F524 

SB 

04 

LDR 

R 

#104 

*  SET  PRR  ENRB  WORD 

1031 

F528 

67 

5001 

STR 

R 

$5001 

,  ENRB  TO  RERD  PRR 

1032 

F323 

SB 

00 

LDR 

R 

#100 

j SET  CRB  WORD 

1033 

F52B 

67 

3003 

STR 

H 

15003 

SET  CRB 

1034 

F52E 

yB 

7F 

LDR 

R 

#$7F 

,  SET  DDRB  WORD 

1055 

F530 

B7 

5002 

STR 

R 

#5002 

,  SET  DDRB 

1058 

F522 

SB 

04 

LDR 

R 

#104 

.•  SET  CRB  WORD 

1037 

F523 

B  7 

5002 

STR 

R 

#5002 

,  ENRB  PRB 

1053 

F53S 

SB 

801 

LDR 

R 

#180 

, SET  PRB  WORD 

1059 

F32A 

B7 

3002 

STR 

R 

$5002 

; SET  PRB 

1080 

F52D 

B8 

5000 

LDR 

R 

#5000 

, RERD  PORT  R  DRTR 

1081 

F540 

84 

10 

AND 

R 

#$10 

j MRSK  RLL  BUT  TTV 

1082 

F542 

r 

0C 

BEQ 

MCINIT 

,  BRANCH  IF  TTV  CONNECTED 

1082 

F344 

7F 

0051 

CLP 

MONFG 

i RESET  MONITOR  CONN  FLAG 

1084 

F54  7 

7F 

00  E  8 

CLR 

NORFG 

,  RESET  NORMAL  FLAG 

1985 

F34A 

7F 

00E7 

clr 

VSFLG 

;  VSTRR.  TEST  FLAG 

1088 

1087 

F34D 

7E 

D80O 

T- 

JMP 

OPMODE 

,  JUMP  IF  NORMAL  OP  MODE 

1083 

*  PTM2 

SET- 

■UP 

.  SETS 

CR2 

AND  TIMER  3 

1089 

*  TO  GENERA T  E  CLOCK 

FOR 

AC  I  A. 

1070 

•+•  T I MER  2 

CONTINUOUS 

no 

INTERRUPT  (.  IRQX. 

1071 

+•  FREC 

•UENC 

•V 

=  i  MHZ/ 

52/4 

=  18*200  BAUD  c.  4800  HZ.  > 

1072 

•+•  TIMER  STARTS  I MMED I ATELV < Q-D+R+W > 

1072 

F55G 

SB 

81 

MCINIT 

LDR 

R 

#$81 

LORD  WORD  FOR  CR2 

1074 

F352 

6  7 

2001 

STR 

R 

#2001 

,  STORE  IN  CR2 

1075 

F555 

SB 

80 

LDR 

R 

#180 

j LORD  WORD  FOR  CR1,  CR2 

1078 

r*-r~cr  -> • 
r  ■-}  T 

B7 

2000 

STR 

R 

#3000 

,  STORE  IN  CR1 

1077 

F33  A 

B7 

2001 

STR 

R 

#2001 

,  STORE  IN  CR2 

1073 

F53D 

SB 

82 

LDR 

R 

#182 

i  LORD  WORD  FOR  CR2 

1079 

F53F 

67 

2000 

STR 

R 

#2000 

,  STORE  IN  CR2 

1030 

F582 

CE 

00i88 

LDX 

#10088 

;  LD  DIV  CNT  FOR  T2 

1031 

F5B5 

FF 

2008 

STK 

$2008 

;  STORE  TO  T3  DRTR  REG 

1082 

F588 

38 

01 

LDR 

R 

#01 

j  SET  MON  CONN  FLAG  VALUE 

1083 

F58A 

97 

51 

STR 

R 

MONFG 

* 

}  STORE  FLAG,  MON.  CONNECTED 

1084 

F58C 

37 

E8 

STR 

R 

NORFG  ' 

.;  SET  NORMAL  OP  WITH  KEYED 

1035 

F38E 

97 

E7 

STR 

R 

VSFLG  ' 

SET  VSTRR  TEST  FLAG 

1038 

F570 

7E 

F013 

JMP 

START 

,•  JUMP  TO  MON  START 

108  7 

F535 

OR  Li 

1F595 

1088 

F595 

7E 

F2FR 

IBRD 

JMP 

PBRDR 

PRNT"BAD  ADDRESS "&  QUIT 

1 0  o  3 
1090 

F3R2 

+• 

ORG 

1F5R2 

1031 

+  MEMORV  MOVE 

1032 

1093 

F3A2 

BD 

FI  85 

MOVE 

J  SR 

GETRNG 

,  GE  T  SOURCE  ADDRESS  RANGE 

1034 

FOR  5 

BD 

F2D8 

JSR 

NXTRDR 

■  GET  DEST  STARTING  ADD 

1033 

F0R8 

d.  f 

EB 

BEQ 

JBRD 

. ERROR  IF  DONE 

1038 

F3RR 

FE 

FFOC 

RM 

LDX 

RDDL 

,  GET  BYTE 

1037 

FORD 

R8 

00 

LDR 

H 

Oj.  X 

1038 

F5RF 

FE 

FFDR 

LDX 

ADR 

•STORE  IT  WITH  VERIFY 

1033 

F0B2 

BD 

F2ER 

JSR 

SETMEM 

1100 

F5B5 

08 

I  NX 

,  INCREMENT  POINTERS 

2o 


•  r 
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ASH 

1  1 

bEQ 

LOG 

OBJ 

s* 

JURCE 

1101 

FSB  6 

FF 

FFDA 

stx  ADR 

1192 

F5B3 

BD 

F4F6 

JSR  INK  >  COMPARE  TO  END 

1102 

F5BC 

20 

EC 

BRA  AM  ,  MORE 

1104 

-+i 

1105 

■f. 

END  OF  MODULE 

1106 

•+ 

ii0  r 

0013 

N ITEMS  EQLI  24  ..NUMBER  OF  ROUTINES 

1103 

+ 

1103 

CALLING  SEQUENCE  LOC 

1110 

swi 

1111 

X+l  INDEX 

1112 

■f- 

X+2  NEX  T  I NS TRUC T I ON 

1112 

F5BE 

ORG  SF5BE 

1114 

* 

1115 

ENTRY  IS  VIA  LOW  ORDER  ADDRESS  OF  ROM 

1116 

+ 

CCADDRESS  IS  PLACED  IN  SWI  VECTOR  ADDRESS 

1112 

F5BE 

R: 

SRSR  EQU  * 

1113 

* 

1113 

GET  THE  INDEX  VALUE 

1120 

DOUBLE  IT  FOR  VECTOR  ADDRESS  INDEX 

1121 

1122 

F5BE 

20 

TSX  ,  SP  INTO  X 

112  2 

RESTORE  STATE  OF  INTERRUPT  AT  TIME  OF  CALL 

1124 

1125 

F5BF 

EE 

05 

LDX  5,  X  X  HAS  INDEX  ADDRESS 

1126 

1122 

F5C1 

4F 

CLR  A 

1123 

F5C2 

Eg. 

00 

LDA  6  O,  X  .■  INDEX  INTO  B 

1123 

F5C4 

ASL  6  DOUBLE 

1120 

F5C5 

43 

ROL  A 

1121 

1122 

+• 

A, B  HAS  TWO  TIMES  INDEX 

1122 

+. 

1124 

VECTOR  OF  SUBROUTINE  ADDRESSES  IS  AT  512+ROM  BASE 

1125 

1126 

•+. 

FROM  HERE  TO  VECTOR  IS  512-WHERE  WE  ARE 

1122 

F3C6 

3D 

00 

BbR  LOCW 

1123 

+■ 

1123 

1140 

F5C8 

LOCW  EQ U  •+•  STACK  HAb  WHERE  WE  ARE 

1141 

F5CS 

20 

TSX 

1142 

A/  B  WILL  HAVE  INDEX +  2  +  LOCA T I ON AA > 

1142 

F5C3 

EB 

01 

HDD  B  !.■  X 

1144 

F3C8 

A3 

00 

ADC  A  O.  X 

1145 

+■ 

A D D  V E C 1 U R  OFFSET 

1146 

+■ 

114  2 

F5CD 

ce 

24 

ADD  B  lti: 2‘t  J  LOW  ORDER  S  BITS 

1143 

fSCF 

33 

01 

ADC  A  «ltH  >  HIGH  ORDER  3  BITS 

1143 

+■ 

1150 

H, B  NOW  HAVE  ADDRESS  OF  SUBROUTINE  ADDRESS 

1151 

1152 

F5D1 

A  2 

00 

STA  H  0, X  > SAVE  VECTOR  ADDRESS, HIGH 

1152 

F5D2 

E2 

01 

STA  B  1, X  ,  SAVE  VECTOR  ADDRESS,  LOW 

1154 

F5D5 

EE 

00 

LDX  0,  X  ..LOAD  VECTOR  ADDRESS  INTO 

1155 

F5D2 

EB 

01 

ADD  B  1, X 
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1  SEW 

LOG 

OBJ  SOURCE 

1156 

F503 

R3 

00 

RDO  H 

0J  X 

1157 

* 

ROD  IN  OFFS 

ET  CONTAINED  IN  VECTOR  TABLE 

1158 

F5DB 

30 

TSX 

1153 

F5DC 

R7 

00 

STR  R 

0,  X 

1160 

F50E 

E7 

01 

STR  B 

1,  X 

1161 

F5E0 

R6 

02 

LOR  R 

2.>  X 

1162 

F5E2 

06 

TRP 

,  STORE  OLD  STATE  I 

1163 

F5E3 

EE 

00 

LOX 

0.*  X 

1164 

1165 

F5E5 

31 

INS 

1166 

F5E6 

31 

INS 

, CORRECT  SP 

11b  7 

JUMP  TO  SUBROUTINE 

1168 

F5E7 

AD 

00 

•JSR 

0,  X 

1163 

* 

1170 

* 

NORMRL  EXIT 

FROM  SUBROUTINE 

1171 

INCREMENT 

RETURN  ADDRESS 

1172 

F5E3 

30 

TSX 

1173 

F5ER 

60 

06 

INC 

6j  X 

1174 

F5EC 

02 

BNE 

■+•+4 

1175 

F5EE 

60 

95 

INC 

5,.  X 

1176 

* 

EXIT 

1177 

F5F8 

SB 

RTI 

1173 

+ 

1173 

:+• 

STROK  ELEMENTS  HRE  STROK  POINTER  +2  SINCE 

1130 

* 

1181 

0002  UC 

EQU 

2  ,  CC  RELATIVE  TO  SP 

1182 

0002  UB 

EQU 

3  ,  E:  RELATIVE  TO  SP 

1183 

0004  UH 

EQU 

4  , A  RELMTIVE  TO  SP 

1184 

0005  UK 

H  EQU 

5  >XH  RELATIVE  TO  SP 

1135 

0006 

UXL 

EQU 

6  , XL  RELATIVE  TO 

SP 

1186 

000  7 

URH 

EQU 

7  ,  RH  RELATIVE  70 

SP 

1187 

0008 

URL 

EQU 

8  , RL  RELATIVE  TO 

SP 

1183 

* 

1183 

*  PUSH 

ALL 

ONTO  STACK  —  REGISTERS  CORRECT 

ON  EXIT 

1130 

•+• 

1131 

0000 

SRH 

EQU 

0  , SYSTEM  RETURN  H 

RELATIVE  TO  SP 

1132 

0001 

SRL 

EQU 

1  SYSTEM  RETURN  L 

RELATIVE  TO  SP 

1133 

♦ 

1134 

*  PUSH 

ALL 

REGISTERS  ONTO  STACK — REGISTERS 

UNMODIFIED 

1135 

* 

1136 

+  CURRENT  S 

TACK  SP  +1  +2  +3  +4  +5  +6 

+7  +8  +3 

1137 

SRH  SRL  CC  B  A  XH 

XL  URL  URH 

1138  *  RESULT  STROK  BEFORE  RETURN  TO  MR IN  EXIT 
1133  +SRH  SRL  CC  B  A  XH  XL  URL  URH  CC  B  A  XH  XL 
1200  +• 


Hi-1 1  6600 
RSf-1  VI.  1 


PRO  TO  SUHKD  MONITOR 


PAGE  0023 


SEQ 

LOG 

UB-j 

SOURCE 

1211 

+  MOVE  STROK  DOWN 

1212 

■+• 

1212 

F3F6 

06 

03 

LDR  B  #3  , NINE  BVTES  DOWN 

1214 

F3F8 

30 

TSX 

1215 

F5F3 

H6 

05 

RS  LDR  R  3,  X  OFFSET  OF  5 

1216 

F5FB 

H7 

00 

STR  R  0.X 

1217 

F3FD 

08 

I  NX 

1218 

F5FE 

5Fl 

DEC  B 

1213 

F5FF 

26 

FS 

BNE  RS 

1220 

+ 

1221 

RECOP V  " PUSHED "  REGISTERS 

1222 

■+• 

1223 

F601 

06 

03 

LDR  B  43  i FIVE  BVTES  TO  MOVE 

1224 

F603 

30 

TSX 

1223 

F604 

H6 

02 

RO  LDR  R  UC>  X 

1226 

F606 

H7 

03 

STR  R  UC+7..  X  .  OFFSET  BV  7 

1227 

F608 

08 

I  NX 

1228 

F603 

5A 

DEC  B 

1223 

F60H 

26 

FS 

BNE  RC 

1230 

•+. 

1231 

+•  EXIT  TO  MR  IN 

1233 

F60C 

33 

RTS 

1234 

1233 

•+•  USER  STROK  IS 

1236 

*  CC  B  R  XH  XL 

1237 

+•  SP 

1238 

■+• 

1233 

•+■  POP  RLL  REGISTERS 

1240 

■+• 

1241 

F60D 

POPRLL  EQU  •+• 

1242 

F60D 

3G 

TSX 

1243 

+■  CURRENT  STACK 

1244 

*  SRH  SRL  CC  B  R  XH  XL  URH  URL  CC  B 

1245 

*  RESUL  T  STACK 

1246 

•+•  SRH  SRL  CC  B  R  XH 

1247 

* 

1248 

*  RECOP V  "PULLED"  REGISTERS 

1243 

* 

1250 

F60E 

06 

05 

LDR  B  #5  i  FIVE  OF  THEM 

1231 

F610 

R6 

03 

PC  LDR  fl  UC+7..  X  ..  OFFSET  BV  7 

1252 

F612 

R7 

02 

STR  R  IJC.  X 

1253 

F614 

08 

I  NX 

1254 

F613 

5R 

DEC  B 

1253 

F616 

26 

F8 

BNE  PC 

1256 

1257 

+ 

■+•  SHIFT  EVERYTHING  OVER 

1258 

+■ 

1233 

F618 

06 

03 

LDR  B  43  .NINE  BVTES 

1260 

F61A 

R6 

03 

PS  LDR  R  URL— 5. X 

1261 

F61C 

R7 

08 

STR  R  URL..  X  ,.  OFFSET  5 

1262 

F61E 

03 

DEX 

1263 

F61F 

5R 

DEC  B 

1264 

1265 

F620 

ci6 

F8 

BNE  PS 

XH  XL 
URH  URL 
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SEQ 

LOG 

OBJ 

SOURCE 

1266 

=*  FINRLLV 

INi. 

;.REMENT  SP 

1267 

¥ 

1263 

F622 

31 

INS 

1269 

F623 

31 

INS 

1270 

F624 

31 

INS 

1271 

F625 

31 

INS 

1272 

F626 

31 

INS 

1273 

F627 

39 

RTS 

1274 

+ 

1275 

+  TRRNSFER 

•■'ll 

TO  R,  B 

1276 

¥ 

1277 

F628 

30 

TXRB  TSX 

1273 

F629 

R6 

05 

LOR 

R 

UXH,  X 

;  X  HIGH 

1279 

F62B 

E6 

06 

LOR 

B 

UXL,  X 

.■  X  LOW 

1280 

F62D 

R7 

04 

STRB  STR 

R 

UR,  X 

TO  R 

1281 

F62F 

E7 

03 

STR 

B 

IJB,  X 

j  TO  B 

1282 

* 

1283 

F631 

39 

RTS 

1284 

¥ 

1235 

¥  TRRNSFER 

R, 

B  TO  X 

1286 

* 

1287 

F632 

30 

TRBX  TSX 

1233 

F633 

R6 

04 

LOR 

R 

UR,  X 

,  R 

1239 

F635 

R7 

05 

STR 

R 

UXH,  X 

,  TO  X  HIGH 

1290 

.+• 

1291 

F63  7 

R6 

03 

LOR 

R 

UB,  X 

,  B 

1292 

F639 

E7 

06 

ST  R 

B 

UXL,  X 

,  TO  X  LOW 

1293 

1294 

F63B 

39 

RTS 

1295 

¥ 

1296 

¥  EXCHANGE 

R, 

B  RNO  X 

1297 

¥ 

1298 

F63C 

XRBX  EQU 

1299 

F63C 

30 

TSX 

1300 

*  CURRENT 

STRCK 

1381 

* 

SRH  SRL  C 

B  R  XH  XL 

URH  URL 

1302 

*  RESULT 

XL  XH  R  B 

1303 

•+: 

1304 

F63D 

R6 

05 

LOR 

R 

UXH,  X  .  '  • 

,PICK  UP  UX 

1305 

F63F 

36 

PSH 

R 

1306 

F640 

E6 

06 

LOR 

B 

UXL,  X 

1307 

F642 

80 

EF 

BSR 

TRBX+1 

i THEN  GO  TO 

iFER  R,  B  TO 

1303 

F644 

PUL 

R 

1309 

F645 

20 

E  6 

BP.  R 

STRB 

,  TO  STORE  IN 

R,  B 

1310 

+• 

1311 

¥  PUSH  X 

1312 

1313 

F647 

PUSX  EQU 

¥ 

1314 

1315 

GET  SPRCE  IN  SPRCE 

1316 

¥ 

1317 

F647 

34 

OES 

1313 

F648 

34 

OES 

1319 

F649 

30 

TSX 

1320 

¥  MOVE  STRCk 

DOWN  TWO 

X 
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SEQ 

LOG 

OBJ 

SOURCE 

1221 

F64A 

86 

09 

LDA  A  #9  MOVE  TOTAL  OF  9  BVTES 

1322 

1322 

F64C 

E6 

02 

SR 

LDA  B  2,  X 

1324 

F64E 

E? 

00 

STA  B  0.>  X 

1225 

F650 

08 

I  NX 

1226 

F651 

4A 

DEC  A 

122? 

F652 

2  b 

F8 

BNE  SA 

1228 

* 

1229 

*  STACK  MOVED  —  INSERT  X 

1220 

F654 

30 

TSX 

1331 

F  653 

A  6 

05 

LDA  A  UX PL  X 

1222 

F65? 

A? 

09 

STA  A  UXH+4..  X 

1228 

F659 

A  6 

06 

lda  a  u;:l,  X 

1224 

F63B 

A? 

0A 

STA  A  tJXL+4.>  X 

1225 

* 

1226 

F65D 

39 

RTS 

132? 

■*  STACK  ON  RETURN 

1328 

SRH  SRL  C  B  A  XH  XL  URH  URL  XH  XL 

1339 

*  SF 

1240 

+ 

1241 

•+•  PULL 

X 

1242 

F63E 

pul:-: 

equ  +• 

1243 

■+•  GET 

X  FROM  STACK 

1244 

1245 

F65E 

30 

TSX 

1246 

F65F 

A6 

09 

LDA  A  UXH+4,  X  j CURRENT  X  ON  STACK 

124? 

F661 

A? 

05 

S TA  A  UXH, X  ,  REG  X 

1248 

F663 

A6 

0A 

LDA  A  UXL+4..  X 

1249 

F665 

A? 

06 

STA  A  UXL,  X 

1350 

1251 

*  NOW 

MOVE  UP  TWO 

1252 

F66? 

86 

09 

LDA  A  #9  ,  BVTE  COUNT 

1252 

F669 

PH 

EQU  +• 

1354 

F669 

E6 

08 

LDA  B  8,  X 

1255 

F66B 

E? 

0A 

STA  B  10..  X 

1256 

F66D 

09 

DEX 

125? 

F66E 

4A 

DEC  A 

1358 

F66F 

26 

F8 

BNE  PA 

1259 

*  UPDA TE  SP  .  '  • 

1360 

F6?l 

21 

INS 

1261 

F6F2 

21 

INS 

1262 

:+• 

1363 

F6F2 

89 

RTS 

1364 

•t- 

1265 

+  HOD 

X  TO  A..  B 

1266 

* 

126? 

F6?4 

RDDXHB 

EQU  -+• 

1268 

F6?4 

20 

TSX 

1269 

F6?5 

8D 

G6 

BSR  XABX+1  , EASY  WAV . EXCHANGE  AB  &  X 

12  ?0 

F6F? 

8D 

03 

BSR  ADDABX+1  >  ADD  OTHER  WAV- 

13  ?  1 

F6?9 

20 

G2 

BRA  XABX+1  ,  THEN  EXCHANGE  BACK 

12  ?2 

* 

12?2 

HOD 

A..  B  TO  X 

12  ?4 

T- 

13  ?5 

F6?B 

20 

hOOHGX 

T  SX 

25 


AM  I  6800 
ASM  VI.  1 


PROTO  BOARD  MONITOR 


PAOE  0826 


SEQ 

LOG 

OBJ  SOURCE 

1376 

F67C 

A6 

03 

LDA 

A 

UB,  X 

1377 

F67E 

E6 

04 

LDA 

B 

UA,  X 

1^>  y 

+ 

1379 

*  CODE 

SHARED 

BV  ADDAX, 

INDEX 

1338 

1381 

F688  ADDAB 

EGU 

1382 

F680 

AS 

06 

ADD 

A 

UXL,  X 

,  ADD  UXL  TO  UB 

1383 

F682 

A7 

86 

STA 

A 

U.J _ •  A 

, STORE  INTO  UXL 

1384 

¥ 

1385 

F684 

E9 

05 

ADC 

B 

UXH,  X 

, ADD  UXH  TO  UA 

1^.86 

F686 

07 

STAUXH 

TPA 

, SAVE  STATUS 

1387 

F687 

E7 

05 

STA 

B 

UXH/  X 

,  STORE  IN  UXH 

1388 

.+ 

1389 

F689 

6D 

06 

TST 

UXL,  X 

TEST  LOW  BYTE  FOR  ZERO 

1390 

* 

1391 

+  CODE 

SHARED 

bv  addab:- 

, MULS,  MUL16 

1392 

+ 

1393 

F6SB  TESTZ 

EQU 

1394 

F68B 

d  < 

02 

BE  Q 

TA 

..HIGH  BV  STAT  IS  TRUE  RSLT 

1395 

F68D 

84 

FB 

AND 

A 

tt$FB 

,  NO,  Z  BIT  IS  CLEARED 

1396 

F68F 

A  7 

02  TA 

STA 

A 

UC,  X 

,  SAVE  STATUS 

1397 

■¥ 

1393 

F691 

3-9 

RTS 

1399 

1400 

■+=  ADD 

A  TO 

X 

1401 

1402 

F692  ADDAX 

EQU 

■¥ 

1483 

F692 

30 

TSX 

1404 

F693 

A6 

04 

LDA 

A 

UA,  X 

1405 

F695  ADD 2 

EQU 

+ 

I486 

F695 

C6 

00 

LDA 

e 

#0 

1407 

F697 

20 

E7 

BRA 

ADDAS 

1408 

*  ADD 

B  TO 

i'i 

1409 

F69S  ADDBX 

EQU 

+ 

1418 

F699 

30 

TSX 

1411 

F69A 

A6 

03 

LDA 

A 

UB,  X 

1412 

F69C 

20 

F7 

BRA 

ADDZ 

1413 

+ 

1414 

•+■  SUBTRACT 

X  FROM  A,  Ei' 

1415 

* 

1416 

F69E 

30 

SUBXAB 

TSX 

1417 

F69F 

8D 

9C 

BSR 

XABX+1 

1418 

F6A1 

8D 

03 

BSR 

SUSA6X+1 

1419 

F6A3 

28 

98 

BRA 

XABX+1 

1420 

1421 

*  SUBTRACT 

A.. 

3  FROM  X 

1422 

1423 

F6A5  SUBABX 

EQU 

¥ 

1424 

F6A5 

30 

TSX 

1425 

F6A6 

E6 

05 

LDA 

B 

UXH,  X 

1426 

F6A8 

A6 

06 

LDA 

A 

UXL,  X 

1427 

* 

1428 

F6AA 

A8 

03 

SUB 

A 

UB,  X 

1429 

F6AC 

A7 

06 

STA 

A 

1JXL,  X 

1430  + 


AMI  6800 
ASM  VI.  1 


PROTO  BUHKD  MON  1  TOR 


PAGE  002 


SEQ  LOG  OBJ  SOURCE 


1431 

p6Ae. 

E2 

04 

SBG  B 

LI  A  .-  X 

1432 

F6B0 

20 

04 

BRA 

STAUXH 

1433 

1434 

+  SUBTRACT  A 

FORM  X 

1433 

+. 

1436 

F6B2 

SUB  A. s'  EQU 

+ 

1437 

F6B2 

30 

TSX 

1436 

F6B3 

E  6 

04 

LOA  B 

IJA..  X 

1433 

F6B3 

A  6 

06 

SSUB  LOA  A 

UXL,  X 

1440 

F6E 17 

10 

SBA 

,  SUB  A  FROM  XL 

1441 

F6B6 

A7 

06 

STA  A 

UXL,  X 

..  STORE  XL 

1442 

* 

1443 

F6BA 

E6 

05 

LOA  B 

UXH,  X 

1444 

F6BC 

G2 

00 

SBG  B 

#0 

1445 

F6BE 

20 

G6 

BRA 

STAUXH 

1446 

1447 

+  SUB  B  FROM 

*S 

1446 

* 

1443 

F  6  G  0 

SUBBX  EQU 

+ 

1450 

F6G0 

30 

TSX 

1451 

F6G1 

E6 

03 

LOA  B 

UB.'  X 

1452 

F6G3 

20 

FO 

BRA 

SSUB 

1453 

+: 

1454 

*  index  ; 

+A+G  "..SAVE 

USER  A..  B  > 

1455 

1456 

F6G3 

INDEX  EQU 

.+. 

1457 

F6G3 

80 

11 

BSR 

MPV6 

,  A,  B  : =  USERA+USERB 

1436 

1453 

+  EXCHANGE  A*. 

B  TO  SHARE 

CODE  WITH  ADOABX 

1460 

.+■ 

1461 

F6C  7 

j.- 11 

PSH  B 

146<i 

16 

TAB 

1463 

F6G3 

32 

PUL  A 

1464 

F6CA 

->o 

TSX 

1463 

F6GB 

20 

B3 

BRA 

ADOAB 

1466 

+. 

14t-7 

*  MUL8 :  A,  B  . 

-  A+B 

1466 

■+. 

* 

1463 

F6C0 

MULS  EQU 

* 

1470 

F6GD 

30 

03 

BSR 

MPV8 

1471 

F6CF 

30 

TSX 

1472 

F6D0 

E7 

03 

STA  B 

UB,  X 

, SAVE  RESUL  T 

1473 

F6D2 

07 

04 

STA  A 

UA,  X 

."SET  UP  N  BIT 

14  74 

F6D4 

07 

TPA 

1473 

F6D5 

50 

TST  6 

1476 

F6D6 

20 

B3 

JMFTZ  BRA 

TESTZ 

,  UPDATE  USER  G  &  RETURN 

1477 

0800 

ORG 

10600 

1476 

*  NOT  INCLUDED 

IN  MONITOR 

1473 

*  MUL16 — 16  BIT  MUL T I PL V 

1460 

■+•  A..  B..  X  ;  -  A,  B+X 

1461  *  A,  B  =  PARTIAL  PRODUCT 

1462  ■+.  USERX  =  MULTIFLIER 

1483  *  USERA,  USERS  =  MUL T I F L I ChND 

1464  * 

1463  0800  66  10  MUL  16  LDA  Pi  #16  ,  FUSH  COUNTER  INTO  STACK 


HM  I  6800 
RSM  VI.  Jl 


PRO 10  BUHKU  MON i 1  OR 


PHOE 


002S 


SEQ 

LOC 

OBJ  SOURCE 

148b 

0802 

36 

PSH  0 

148  r 

0803 

30 

TSX 

1483 

08O4 

4  F 

CLR  0 

1489 

0805 

5F 

CLR  B 

1490 

0806 

66 

06 

ROR 

UXH+1,  X  SHIFT  LSB  INTO  CR 

1491 

0306 

66 

07 

ROR 

IJXL+1,  X 

1492 

1493 

•+. 

LOOP  16  TIMES  . 

1494 

+• 

1495 

0800 

24 

04  MLOOP  BCC 

MSHIFT  ,  MULTIPIER  IS  EVEN 

1496 

08OC 

EB 

04 

ROD  B 

UB+1,  X  ;  R,  B  :  =  R,  B+USERR, 

1497 

080E 

09 

03 

0DC  0 

UR+1,  X 

1498 

* 

1499 

0310 

46 

MS 

HI FT  ROR  0 

/  SHIFT  EVERYTHING 

1500 

OSll 

56 

ROR  B 

1501 

0312 

66 

06 

ROR 

UXH+1,  X 

1502 

0314 

66 

07 

ROR 

UXL+1,  X 

1503 

0316 

60 

00 

DEC 

O,  X  ,  DEC  COUNTER 

1504 

0318 

26 

F0 

BNE 

MLOOP 

1505 

¥ 

1506 

END  LOOP 

1507 

¥ 

1503 

0610 

31 

INS 

RESTORE  SP 

1509 

081B 

30 

TSK 

1510 

031 C 

E7 

03 

ST0  B 

UB,  X 

1511 

031E 

07 

04 

STR  0 

UR,  X 

1512 

1513 

+• 

SET  USER  CC 

N=N'MSBVTE> 

1514 

Z : =0ND  <Z 

<  MSB  VIE.,,  ,  , , ,  Z<LSBYTE>  >  : 

1515 

+• 

V :  »  0 

1516 

+: 

CRV  :  =  O. 

1517 

THE  LRST 

HDD  RTESET  CRV.  STR  SET  N=N<.MSB 

1513 

* 

1519 

0820 

07 

TPR 

1520 

0321 

E0 

05 

ORR  B 

UXH,  X  ;  B:=  OR:  OF  LRbT  3 

1521 

0823 

E0 

06 

ORR  B 

UXL,  X 

1522 

1523 

* 

USER  CC  HRS 

CORRECT  N,  V,  &C.  CC  HRS  CORRECT 

1524 

¥ 

00  TO  END  OF  RDDXRB  TO  UPDRTE  REGISTERS 

1525 

* 

1526 

0325 

7E 

F6D6 

JMP 

JMP  rz 

1527 

F6D8 

ORG 

1F6D8 

1523 

¥ 

1529 

¥ 

SUBROUTINE 

MPVS .  0,  B  . -  USER0+USER6 

1530 

¥ 

R  -  P0RTIRL  PRODUCT 

1531 

¥ 

B  ~  MULTIPLIER  &  LSB  S  OF  PRR.  PROD. 

1532 

+• 

USERR  - 

MUL  F IPLICRND 

1533 

¥ 

1534 

F6DS 

86- 

U0 

IP 

V8  LDR  0 

#8  ,  PUSH  COUNTER  ONTO 

1535 

F6DR 

3  b 

PSH  0 

15-ib 

¥ 

It*  l  HL-k  —  L-OUN  T *  F R.»  R.*  R t  L- .*  6.*  H.«  t  X/  R *  R 

1537 

F6DB 

4F 

CLR  0 

1538 

F60C 

20 

TSK 

1539 

F6DD 

E6 

06 

LDR  B 

UB+3,  X  B  =  MULTIPLIER 

1540 

F6DF 

36 

ROR  B 

/~0 


.S  BYTE 


AM 1  6300 
ASM  VI.  1 


PROTO  BOARD  MONITOR 


PAGE  00 


SEC! 

LOG 

OBJ 

SOURCE 

1541 

1542 

*  LOOP  3  TIMES 

1543 

1544 

F6E0 

24 

02 

BLOOP  BCG 

BSHIFT 

; MULTIPLIER 

IS  EVEN 

1545 

F6E2 

AB 

07 

ADD 

A  UA+3,  X 

1546 

* 

1547 

F6E4 

46 

BSHIFT  ROR 

A 

, SHIFT  LSB 

OF  A  INTO  B 

1543 

F6E5 

3*5 

ROR 

B 

1543 

F6E6 

6  A 

00 

DEC 

0>  A 

CHECK  COUNT 

1550 

F6E3 

26 

F6 

BNE 

BLOOP 

1551 

1552 

*  END  OF  LOOP 

1553 

* 

1554 

F6EA 

31 

INS 

, RESTORE  SP 

1555 

F6EB 

3-3 

RTS 

1556 

* 

1557 

•+•  RELATIVE 

ENTRY  POINTS  TO  SUBROUTINE 

VECTOR 

1553 

+ 

1553 

F6EC 

SVECTO  EQU 

.* 

1560 

INDEX 

1561 

F6EC 

FF 

05 

FOB 

1FF05 

,  PUSHALL-+- 

0 

1562 

F6EE 

FF 

IF 

FOB 

1FF1F 

, POPALL-+ 

1 

1563 

F6F0 

FF 

FOB 

IFF  3  3 

>  TXAB-+- 

■i! 

1564 

F6F2 

FF 

40 

FOB 

1FF4Q 

, TABX-+ 

J;. 

1565 

F6F4 

FF 

43 

FOB 

IFF  43 

.;  XABX— +• 

4 

1566 

F6F6 

FF 

51 

FOB 

1FF51 

,  PUSX-* 

5 

1567 

F6F8 

FF 

66 

FOB 

1FF66 

,  pul:;-+ 

6 

1563 

F6FPI 

FF 

7A 

FOB 

1FF7A 

>  ADDXAB— ♦ 

T 

1563 

F6FC 

FF 

7F 

FOB 

1FF7  F 

, ADDABX-+ 

O 

1570 

F6FE 

FF 

34 

FOB 

1FF34 

, ADOAX-+ 

3 

1571 

F70O 

FF 

33 

FOB 

IF  P‘3  3 

,  ADDBX-+- 

10 

1572 

F702 

FF 

30 

FOB 

1FF3C 

, SU6XAB-+ 

11 

1573 

F704 

FF 

A1 

FOB 

1FFA1 

:•  SUBABX—+- 

12 

1574 

F706 

FF 

AC 

FOB 

1FFAC 

SUBAX— +: 

13 

1575 

F  708 

FF 

68 

FOB 

IFFE.'S 

>  SUBBX— -*• 

14 

1576 

F70A 

00 

17 

FOB 

10017 

:■  P2HEX—+- 

15 

1577 

F70C 

00 

10 

FOB 

10010 

P4HEX-+ 

16 

1573 

F70E 

00 

2F 

FOB 

10O2F 

.  ; PRINTA— * 

17 

1573 

F710 

00 

4F 

FOB 

1004F  . 

>  PMESS-+- 

18 

1530 

F712 

00 

5D 

FOB 

10O5D 

,  VALAN-* 

13 

1531 

F714 

00 

36 

FOB 

10086 

, INPUTA-+- 

20 

1532 

F716 

00 

36 

FOB 

10036 

,  CONHB-  + 

21 

1533 

F71S 

FF 

AD 

FOB 

1FFAD 

,  INDEX--*- 

1534 

F71A 

FF 

63 

FOB 

1FFB3 

>  MUL3-  + 

.-•*  V 

1535 

1536 

•+•  PRINT  2/4 

HEX  CHARS 

FROM  MEM  -  UX,  IJX+1 

1537 

UX  IS  INCREMENTED 

UPON  OUTPUT  I.  E. 

IJX  •=  UX+2 

1533 

•+. 

1583 

F71C 

P4HEX  EQU 

1530 

F71C 

30 

TSX 

1531 

F71D 

EE 

05 

LDa 

UXH,  X 

, USERS  X 

1532 

F71F 

3D 

06 

BSR 

F’HEX 

-PRINT  MEMC 

> 

1533 

.+■ 

1534 

+  PRINT  2  HEX  CHARS  FROM  HEM-.Ua> 

1535 

F721 

P2HEX  EQU 

■¥ 

v\ 


RM I  6800 

PRO  TO 

BORRD  MONITOR  P6GE  0050 

ASM  ' 

/l.  1 

SEQ 

LOG 

OBJ 

SOURCE 

1586 

F?21 

50 

TSX 

158? 

F?  22 

EE 

05 

LDX 

UXH.  X 

;  USERS  X 

1583 

F?24 

3D 

01 

BSR 

PHEX 

..PRINT  MEM  *  X  > 

1088 

F?26 

i 

RTS 

1600 

1601 

* 

PRINT  2  HEX 

CHfiRS  FROM 

MEM  X 

1602 

+• 

1605 

F?2? 

PHEX 

EQU 

■f 

1604 

F?2? 

66 

00 

LDR  6 

0/  X 

.•  GET  THE  CH6R 

1605 

F?23 

SD 

23 

BSR 

RSCIIR 

,  CONV  RIGHT  NIB  *  RSLT  IN  6 

1606 

F?2B 

56 

PSH  6 

,  SRVE  I T 

160? 

F?2C 

66 

00 

LDR  6 

0..  X 

.■  GET  CHRP  RGRIN 

1608 

F?2E 

3D 

20 

BSR 

RSCIIL 

,  CONV  THE  LEFT  NIBBLE  INTO  6 

1608 

F?50 

3D 

0E 

BSR 

PUT6X 

;  PRINT  R  REG  CHRP 

1610 

F?52 

PUL  R 

, RECOVER  SRVED 

1611 

F?55 

3D 

10 

BSR 

PUTR 

,  .  .  THEN  FRLL  INTO  PINCX 

1612 

* 

1615 

INCREMENT  THE  USERS  X 

IN  THE  ST6CK 

1614 

* 

1615 

FF55 

FINCX 

EQU 

1616 

F?55 

20 

TSX 

,  SF'  IS  +2  SINCE  2  BSR  DOWN  IN 

161? 

F?56 

6C 

08 

INC 

UXL+2,  X 

;  INC  MEMORY  X  LOW 

1613 

F?53 

26 

02 

BNE 

F'RTS 

..  OVERFLOW  MERNS  INC  HIGH  PRRT 

1613 

F?5H 

6C 

0? 

I NC 

UXH+2,  X 

,  VES — INC  HIGH 

1620 

F?5C 

53 

PRT 

RTS 

,  EXIT 

1621 

1622 

PRINT  THE  C 

H6R  I N  USERS 

6 

1625 

r- 

1624 

FF5D 

PR IN 16 

EQU 

1625 

F?5D 

50 

TSX 

1626 

F?5E 

66 

04 

LDR  R 

IJH,  X 

, GET  THE  CHRP 

162? 

1623 

•T. 

PRINT  CH6R 

IN  DES I GNRTED  REG 

1628 

•+. 

6CIH 

RDDRES 

S  IN  X 

1650 

•+. 

1651 

PRINT  CHRP 

IN  R 

1652 

F?40 

FE 

FFF  6 

PUT6X 

LDX 

RC 1 6 1 

,  GET  INDIR  RDDR  OF  RCIR 

1655 

F?45 

EE 

00 

LDX 

0.  X 

,  GET  RCTURL  RDD  OF  RCIR  IN  X 

1654 

F?45 

56 

PU  T6 

PSH  R 

,  SRVE  REGISTER 

1655 

F?46 

66 

00 

F'RDV 

LDR  R 

0..  X 

.RCIR  STRTUS 

1656 

F?48 

85 

02 

BIT  R 

#02 

..  RERDV? 

165? 

F?4R 

2? 

F6 

BEQ 

F'RDV 

..  NOT  RERDV 

1653 

F?4C 

52 

PUL  R 

,  RESTORE  CH6R 

1653 

F?4D 

6? 

01 

STR  R 

1,  X 

..  PRINT  CHRP 

1640 

F?4F 

58 

RTS 

1641 

•f- 

1642 

CONV 

ERT  R  FROM  6IN6RV 

TO  HEX IN  LEFT,  RIGHT  NIBBLE 

1645 

LEF 

T  PRRT 

1644 

1645 

FF50 

BSC 

1 1 L 

EQU 

1646 

F?50 

44 

LSR  R 

.  6  H6S  C  HRP  TO  BE  CONVER TED 

164? 

F?51 

44 

LSR  6 

1648 

F?52 

44 

LSR  6 

1643 

F?55 

44 

LSR  R 

1650 

IN  POSITION 

RMI  6800 
ASM  VI.  1 


PROTO  BOARD  MONITOR 


PAGE  0031 


SEQ 

LOG 

OBJ 

SOURCE 

1651 

F754 

84 

0F 

ASC I I R 

AND 

A 

#$0F  ;  CLEAR  LEFT  PART 

1652 

F756 

SB 

30 

ADD 

A 

#$30 

1653 

F753 

81 

33 

CMP 

A 

#$33  , 0  TO  3 

1654 

F75A 

23 

02 

BLS 

ARTS  ,  YES  DONE 

1655 

F75C 

SB 

07 

ADD 

A 

#7  ..  NO  THEN  A  TO  F 

1656 

F75E 

33 

ARTS 

RTS 

1657 

1658 

+  PRINT  ME 

SSAGE  POINTED  TO  BY  X  AND  TERMINATED  BY  ETX 

1653 

1660 

F75F 

PMESS 

EQU 

* 

1661 

0004 

ETX 

EQU 

$04 

1662 

F75F 

30 

TSX 

1663 

F760 

EE 

G5 

LDX 

UXH,  X  , GET  USERS  X 

1664 

F7  62 

A6 

00 

LDA 

A 

0,  X  ,  GET  CHAR 

1665 

F764 

31 

04 

CMP 

A 

#ETX  ,  IS  IT  TERMINATOR? 

1666 

F766 

.  — • 
cl  l' 

06 

EEQ 

TRTS  ,  DONE 

1667 

F763 

SD 

D6 

BSR 

PUTAX  ..  PRINT  A 

1663 

F76A 

8D 

C3 

BSR 

PINCX  >  INC  USERS  X 

1663 

F76C 

20 

FI 

BRA 

PMESS  ;  LOOP  TILL  DONE 

1670 

F76E 

33 

TRTS 

RTS 

1671 

+ 

1672 

*  X  HA 

S  ADDRE 

SS  OF  CHAR  TO  BE  TESTED 

1673 

*  FOR  BEING  ALPHA  NUMERIC 

1674 

*  CARRY 

SET  IF  TRUE 

1675 

F76F 

VALAN 

EQU 

+ 

1676 

F76F 

30 

TSX 

1677 

F770 

EE 

05 

LDX 

UXH,  X  .;  GET  CHAR  ADDR 

1673 

F772 

8D 

05 

BSR 

ALPNUM  i  TEST  MEM  GO  "ALPHANUMERIC 

1673 

1680 

*  SET 

USER 

CARRY  =  CURRENT  CARRY  < AND  OTHER  FLAGS) 

1681 

1682 

F774 

07 

SCARRY 

TPA 

1683 

* 

1634 

F775 

30 

SETUS 

TSX 

1635 

F776 

A7 

02 

STA 

A 

UC,  X 

1686 

F778 

33 

RTS 

1637 

* 

1683 

*  SET 

CARR' 

t*  IF  MEM < X >  IS  ALPHANUMERIC 

1683 

*  CLEAR  V 

IF 

HEX  DIGIT 

1630 

* 

1631 

F773 

ALPNUM 

EQU 

+ 

1632 

F773 

A6 

00 

LDA 

A 

0,  X  .;  GET  THE  CHAR 

1633 

F77B 

31 

41 

CMP 

A 

#“  A 

1634 

F77D 

2D 

0E 

BLT 

ANUM  ,  TOO  SMALL  FOR  ALPHA,  =  NUM 

1635 

F77F 

81 

5A 

CMP 

A 

#Z 

1636 

F781 

2E 

12 

BGT 

ANOTOK  > BIGGER  THAN  "Z“ 

1637 

F783 

81 

C7 

CMP 

A 

#$C7  .!  SET  V  IF  >F 

1638 

F785 

23 

10 

BVS 

NRTS  .;  QU I T  IF  NOT  HEX  <C=1) 

1633 

F787 

80 

07 

SUB 

A 

#7  ,  CONVERT  LETTER  TO  HEX 

1700 

F783 

34 

0F 

ROK 

AND 

A 

#15  >  STRIP  OVERBITS  FROM  HEX  DIGIT 

1701 

F78B 

0D 

SEC 

,  SET  C  FOR  VALID  A/N 

1702 

F78C 

33 

RTS 

1703 

♦ 

1704 

F7SD 

81 

30 

ANUM 

CMP 

A 

#0  )  NUMERIC  TESTING 

1705 

F78F 

2D 

04 

BLT 

ANOTOK  .;  NOT  NUMERIC 

RHI  6800 
RSH  VI.  1 


PROTO  BOARD  MONITOR 


PRGE  0032 


f 


SEQ 

LOG 

OBJ 

SOURCE 

1706 

F791 

81 

S3 

CMP  A 

«  9 

1707 

F793 

2F 

F4 

BLE 

AOK 

, IT  IS  IN  0-9 

1708 

F795 

0C 

AMO  TOR 

CLC 

.•  RESET  CARRY  FOR  NOT  A/N 

1709 

F796 

OB 

SEV 

,  SET  V  FOR  NOT  HEX  EITHER 

1710 

F797 

39 

NRTS 

RTS 

1711 

1712 

1713 

F798 

20 

9B 

JP I NCX 

:+• 

BRA 

PI  NCX 

; EXTRA  BRA  TO  REACH  PI NCX 

1714 

*•  INPUT A: 

1715 

•r.  INPUT  AC I A  DATA 

INTO  A  REG 

1716 

:+■  S 

TRIP  PARITY 

1717 

1718 

F79A 

INPUTR 

EQU 

+ 

1719 

F79A 

FE 

FFF6 

LDX 

AC  I A I 

, GET  INDIRECT  ADDRESS 

1720 

1721 

F79D 

EE 

00 

:+• 

LDX 

0  ,.  X 

.■GET  AC  I A  ADDRESS 

1722 

F79F 

A6 

00 

I  WHIT 

LDA  A 

0..  X 

.■  AC  I A  STATUS 

1723 

F7A1 

47 

ASR  A 

, CARRY : =  RDRF 

1724 

F7A2 

24 

FB 

BCC 

I  WAIT 

,  NO  INPUT,  LOOP 

1725 

1726 

F7A4 

A6 

01 

.+• 

LDA  A 

1,  X 

, AC I A  DATA 

1727 

F7A6 

84 

7F 

AND  A 

#$7F 

STRIP  PARITY 

1728 

F7A8 

30 

TSX 

.;  PUT  RESULT  ONTO  STACK 

1729 

F  7A9 

A  7 

04 

STH  A 

UA,  X 

1720 

1721 

F7AB 

y 

RTS 

1732 

1728 

1724 

1725 


CONHB — CONVERT  HEX  TO  BINflRV: 

SCAN  UP  TO  B  RSCII  CHARS  STARTING  AT  X 
LOOKING  FOR  A  VALID  HEX  NUMBER.  RETURN  BINARY 
EQUIVALENT  OF  NUMBER  IN  A,  B.  IF  NUMBER  HAS  MORE 


1726 

THAN  16  BITS,  IGNORE  MSB  S. 

1737 

* 

1738 

>• 

INPUT  X 

;=  ADDRESS  OF  1ST  CHAR  TO  BE  SCANNED 

1729 

1740 

+• 

♦ 

E 

:=  MAX.  #  OF 

CHARS  Tu  BE  SCANNED 

1741 

* 

OUTPUT . 

A, B=B I NARY 

RESULT 

1742 

* 

CARRY-1  IF 

VALID  NUMBER  IS  FOUND 

1743 

* 

X  POINTS  TO 

LAST  CHAR  SCANNED 

1744 

♦ 

1745 

F7AC 

o 

JNHB  EQU 

1746 

F7AC 

30 

TSX 

1747 

F7AD 

E6 

03 

LDA 

B  UB,  X 

i  GET  MAX  COUNT 

1748 

F7AF 

6F 

04 

CLR 

UA,  X 

, CLEAR  USERS  A,  B  REGS 

1749 

1750 

F7B1 

6F 

03 

* 

CLR 

UB,  X 

1751 

* 

LOOP  WHILE  NOT  ALPHANUMERIC  AND  COUNT  >  1 

1752 

* 

! 

1753 

F7B3 

20 

CLOOF'l  TbX 

! 

1754 

F7B4 

EE 

05 

LDX 

UXH,  X 

.;  GET  CHAR  ADDRESS 

1755 

F7B6 

8D 

Cl 

BSR 

ALPNUM 

,  IS  MEM v X >  A/N? 

,  YES,  STOP  SCANNING  i 

1756 

F7B8 

09 

BCS 

CFOUND 

1757 

F7BA 

5A 

DEC 

B 

, DEC  COUNT 

1758 

F7BB 

2F 

04 

BLE 

ENDCNT 

, COUNT  EXHAUSTED 

1759 

F7BD 

8D 

D9 

BSR 

JP I NCX 

,  INC  USERS  X  i 

1760 

F7BF 

20 

F2 

BRA 

CLOOF'l 

i 

AMI  c 

■800 

PROTO 

BOARD  MON I T OR  PAGE  0033 

ASM 

'1.  1 

SEQ 

LGC 

GBJ 

-■ 

HURCE 

1761 

•4- 

1762 

END  LOOP 

1763 

-4- 

1764 

COUNT  EXHAUSTED  WITH  NO  SUCCESS. 

1765 

•T- 

'.  CARRY  WHb 

REbET  BV  A L  P N U M  > 

1766 

•4 

1  r  6i- 

F7C1 

20 

B1 

ENDCNT  BRA 

SCARRV  , RESET  USER  C  AND  RETURN 

1768 

•4. 

1769 

* 

WHILE  HEX 

AND  COUNT  >0  SHIFT  MEM<X>  INTO  UA,  UB 

1770 

1771 

•4. 

BEGIN  OUTER  LOOP 

1772 

F7C3 

30 

c 

FOUND  TSX 

1773 

F7C4 

EE 

05 

LDX 

UXH,  X 

1774 

F7C6 

SD 

B1 

BSR 

ALPNIJM  CNVT  MEM*;X>  TO  HEX 

1775 

F7CS 

23 

13 

B'v'S 

NOGOOD  , INVALID  CHAR 

1776 

F7CA 

37 

PSH  B 

, SAVE  COUNT 

1777 

F7CB 

C6 

04 

LDA  B 

#4  , LOOP  COUNT 

1778 

* 

1779 

:4- 

SHIFT  LEFT 

UA,  UB 

1730 

:4- 

1781 

F7CD 

30 

TSX 

1782 

F7CE 

68 

04 

C 

SLOOP  ASL 

UB+1,  X  ,  +1  TO  COMP,  FOR  PUSH 

1783 

F7D0 

69 

05 

ROL 

UA+1,  X 

1784 

F7D2 

5  A 

DEC  B 

1785 

F7D3 

2E 

F3 

BUT 

C SLOOP 

1736 

* 

1787 

F7D3 

AA 

04 

ORA  A 

UB+1,  X  ,  OR  ON  NEW  CHAP. 

1783 

F7D7 

A7 

04 

STA  A 

UB+1,  X 

1783 

F7D3 

33 

PUL  B 

..RETRIEVE  COUNT 

1730 

F7DA 

SD 

BC 

BSR 

J PINCX  ,  INC  USER  X 

1791 

F7DC 

5  A 

DEC  B 

1732 

F7DD 

2E 

E4 

BUT 

CFOUND  , REPEAT 

1733 

* 

END  OF  OUTER  LOOP 

1734 

F7DF 

0D 

SEC- 

..VALID  NUMBER 

1795 

F7EG 

20 

BRA 

SCARRV  ,  SET  USER  C  AND  RETURN 

1796 

4- 

1737 

4: 

NON-HEX  CHAR  FOUND.  IF  CHAR=G-Z,  THIS  IS  NOT  A  VALID 

1738 

•4- 

HEX  NUMBER 

OTHERWISE,  CHAR  IS  A  DELIMITER  AND 

1733 

* 

NUMBER  IS 

VALID. 

1300 

•4; 

1301 

F7E2 

07 

NOGOOD  TF'A 

, TOGGLE  CARRY  BIT 

1302 

F7E3 

4C 

INC  A 

1803 

F7E4 

20 

8F 

BRA 

SETUS  ,  SETUP  USER  STATUS  £  RETURN 

1804 

:4: 

1805 

END 

1805  LINES  ASSEMBLED..  LGC  =  F7E6, 


8000  ERRORS  DETECTED. 


AMI  6800 
ASM  'v'l.  1 


PROTO  BOARD  MONITOR 
SYMBOL  TAEiLE 


PAGE  0034 


SYMBOL 

VALUE 

ATTR 

LOCN  LINf 

AC  I  AC 

6000 

84 

2HH2 

AC  I  HD 

6001 

84 

2AAB 

AC  I  AS 

6000 

84 

2AB4 

BLANK 

0020 

84 

2ABD 

CR 

000D 

84 

2AC6 

ESC 

001B 

84 

2ACF 

EOT 

0004 

84 

2  AD  3 

LAST 

FFFF 

84 

2AE1 

LF 

000 A 

84 

2AEA 

RUBOUT 

00  7F 

84 

2HF3 

MONFG 

0051 

84 

2AFC 

NORFG 

00E6 

84 

2B05 

VSFLG 

00E7 

84 

2B0L 

BASE 

FF'30 

84 

2B17 

BOS 

FF8F 

84 

2B20 

BUF 

FF90 

84 

2B29 

PROM AD 

FFD3 

84 

2B22 

OFFSET 

FFD3 

84 

2B3B 

ADR 

FFDA 

84 

2B44 

ADDL 

FFDC 

84 

2B4D 

ADDH 

FFDE 

84 

2B56 

BUFPTR 

FFE0 

84 

2B5F 

RECTVP 

FFE2 

84 

2B68 

COUNT 

FFE3 

84 

2B71 

CKSM 

FFE4 

84 

2B7A 

SAVESP 

FFE5 

84 

2B82 

SR  VEX 

FFE7 

84 

2B8C 

ECHO 

FFE9 

84 

2B95 

TCOUNT 

FFEA 

84 

2B9E 

CREG 

FFEB 

84 

2BA7 

BREG 

FFEC 

84 

2BB0 

AREG 

FEED 

84 

2BB9 

XREG 

FFEE 

84 

2BC2 

PREG 

FFF0 

84 

2BCB 

SREG 

FFF2 

84 

2BD4 

USWI 

FFF4 

84 

2BDD 

AC  I A I 

FFF6 

84 

2BE6 

IRQVEC 

FFF3 

84 

2BEF 

SWIVEC 

FFFA 

84 

2BF8 

NM I VEC 

FFFC 

84 

2C01 

PWRI 

F51C 

84 

2C0A 

START 

F018 

84 

2C12 

START 1 

F01F 

84 

2C1C 

BREAK 

F01A 

84 

2C25 

BREAK1 

FOCF 

84 

2C2E 

ACIAA 

FG1D 

84 

2C37 

SWI30 

F0E9 

84 

2C40 

SW I HAN 

F0D6 

84 

2C49 

MOMENT 

F059 

84 

2C32 

M0NEN1 

F039 

84 

2C3B 

FINIT 

F424 

84 

2C64 

PCRLF 

F222 

84 

2C6D 

MON I T R 

F03F 

84 

2C76 

RDROFF 

F2B9 

84 

2C7F 

34- 


fit'll  6800 
ASM  VI.  1 


PROTO  BOfiRD  MONITOR 
SYMBOL  TABLE 


PAGE  00 


SYMBOL 

VALUE 

ATTR. 

LOON  L I  Nt 

OUTCH 

F2FB 

84 

2088 

RT 10 

F  0  7  7 

84 

2091 

RT20 

F07E 

84 

209A 

ABORT 

F0C5 

84 

20A3 

MAI  TTY 

F41E 

84 

20  AC 

RT30 

F081 

84 

20B5 

RT90 

F084 

fc!4 

20  BE 

EXISTS 

F3A3 

84 

2007 

CTAELE 

F0A4 

84 

20D0 

C'LOOP 

F0S2 

84 

20D9 

OLIO 

F09A 

84 

20E2 

CTENO 

F0C5 

84 

20  EB 

MONEND 

F05F 

84 

20F4 

LOAD 

F1CB 

84 

20  FD 

GO 

FIB  7 

34 

2D0S 

PUNCH 

F326 

84 

2  DOF 

PREGS 

FlOS 

84 

2D18 

MOVE 

F5A2 

84 

2D21 

VFY 

F4D3 

84 

2D2A 

READ 

F4E0 

84 

2D33 

SM 

F401 

84 

2D30 

DM 

F14E 

84 

2D45 

EOF 

FI  75 

84 

2D4E 

BAD I NP 

F0C5 

84 

2D  5  7 

MQUES 

F291 

84 

2D  60 

MSGMON 

F0CS 

84 

2069 

MSGABT 

F0C8 

84 

2D72 

SWI40 

F0FO 

84 

2D7B 

SWI20 

FOE  4 

84 

2D34 

RSRSR 

F5BE 

84 

2DSD 

SWI50 

FOF3 

84 

2D96 

PR1 

FlOB 

84 

2D9F 

RESTfiK 

F124 

84 

2DA8 

PR10 

FllO 

84 

2DB1 

PSPACE 

F33E 

84 

2DBA 

P4HEXS 

F39A 

84 

2DC3 

=R20 

Fllfi 

t:4 

2D0C 

RIJS10 

F12A 

84 

2DD5 

CHEKSM 

F134 

84 

2DDE 

NEXT2D 

F2BC 

84 

2DE7 

CS1 

F141 

84 

2DF0 

MOSER 

F296 

84 

2DF9 

GETRNG 

F185 

84 

2E02 

DM10 

F150 

84 

2E0B 

DM20 

F156 

84 

2E14 

DM50 

F172 

84 

2E1D 

MPEOF 

F2A3 

84 

2E26 

NULLS 

F17A 

84 

2E2F 

NULL1 

FI  70 

84 

2E38 

NXTADR 

F2D6 

84 

2E41 

1ETRG3 

F190 

84 

2E4A 

3ETRG1 

F196 

84 

2E53 

GETRG4 

F1AF 

84 

2E5C 

'•1RNGER 

F283 

84 

2E65 

AMI  6800 
ASM  VI.  1 

SYMBOL  V 

RNGERR 

010 

LOOPS! 

LHF2 

RDRON 

FINDS 

RDFRE 

LHFZ- 

LHF4 

LDR10 

SETOFF 

LHF9 

BAD TAP 

MEOF 

M TAPER 

BT1 

FS10 

MBADR 

MCRLFS 

NA1 

NAS 

OUTCHX 

OC10 

0C20 

OCLOOP 

F'HFIS 

PHF20 

PUND10 

PUND20 

PUNBVT 

PREC10 

PXISTX 

PX1 

PX2 

RDF90 

RON90 

SETOUT 

SETF'UL 

SETM1 

SETMEM 

F'BADR 

SMS 

SM10 

SMS0 

W10 

W20 

WS0 

MOVER 

DELAY 

PI  A 

V50 

PROM 

RAM 

F'SBIN 


PROTO  BOARD  MONITOR 
SYMBOL  TABLE 


ALUE  ATTR 


F1A9 

84 

F1C3 

84 

F1D4 

84 

FIFE 

84 

F2C3 

84 

F270 

84 

FIFE 

84 

F231 

84 

F249 

84 

F235 

84 

F2C0 

84 

F24D 

84 

F260 

84 

F28D 

34 

F29F 

84 

F26B 

84 

F  273 

84 

F27B 

84 

F2B2 

84 

F2E2 

84 

F2F6 

34 

F2F9 

34 

F20C 

84 

F220 

84 

F219 

34 

F239 

84 

F239 

84 

F34B 

84 

F24D 

84 

F292 

84 

F378 

84 

F2A6 

34 

F3A6 

84 

F3B3 

y  4 

F3BB 

84 

F3C5 

84 

F3E2 

84 

F2E9 

84 

F400 

84 

F3EA 

84 

F2FA 

84 

F404 

84 

F40A 

84 

F41B 

84 

F41E 

84 

F427 

84 

F423 

84 

0001 

84 

000A 

84 

5000 

84 

0001 

84 

0004 

84 

FC00 

84 

F425 

84 

LOON  LINK 

2E6E 

2E77 

2E80 

2E89 

2E92 

2E9B 

2EA4 

2EAD 

2EB6 

2EBF 

2EC3 

2ED1 

2  ED  A 

2EES 

2  EEC 

2EFS 

2EFE 

2F07 

2F18 

2F19 

2F22 

2F2B 

2FS4 

2FSD 

2F46 

2F4F 

2F58 

2F61 

2F6A 

2F73 

2F7C 

2F85 

2F8E 

2F97 

2FA0 

2FA9 

2FB2 

2FBB 

2FC4 

2FCD 

2FD6 

2FDF 

2FE8 

2FF1 

2FFA 

S00S 

280C 

2015 

301E 

3027 

2030 

3039 

3042 

304 B 


it 


AMI  6800 

PROTO  BOARD  MONITOR 

ASM  Vi. 

1 

SVMBOL  TABLE 

SVMBOL 

VALUE 

ATTR 

LOCH 

LINK 

PSP 

F448 

84 

3054 

A8 

F43C 

84 

3050 

RASV 

F44B 

84 

3-066 

AA1 

F465 

84 

3-U6F 

AA3 

F476 

84 

3076 

AA4 

F491 

84 

3081 

VERR 

F494 

84 

308A 

AT 

F4B0 

84 

3093 

ADDRS 

F4B7 

84 

30  9C 

VFV1 

F505 

84 

30A5 

AV 

F4D6 

84 

30AE 

AN 

F4DC 

84 

30B7 

-.TVER 

F516 

84 

30CO 

INC  AD 

F4EF 

84 

30C3 

AR 

F4E3 

34 

3002 

INK 

F4F6 

84 

3006 

EXIT 

F502 

84 

30E4 

AX 

F515 

84 

30EO 

BURN 

F519 

84 

30F6 

OPMODE 

D800 

84 

30FF 

MCINIT 

F550 

84 

3108 

JBAD 

F535 

84 

3111 

AM 

F5AA 

34 

311A 

N ITEMS 

0018 

84 

3123 

LOCVV 

F5CS 

84 

UC 

0002 

84 

3135 

UB 

0003 

84 

313E 

UA 

0004 

84 

3147 

UXH 

0005 

84 

3150 

UXL 

0006 

84 

3159 

IJRH 

0007 

84 

3162 

URL 

0008 

34 

316B 

SRH 

0000 

84 

3174 

SRL 

0001 

84 

3170 

PUSHAL 

F5F1 

84 

3186 

AS 

F5  F9 

84 

318F 

AC 

F604 

84 

2193 

POPALL 

F60D 

84 

31A1 

PC 

F610 

84 

31 A  A 

PS 

F61A 

84 

31B3 

TXfiB 

F628 

34 

31BC 

STAB 

F62D 

84 

31C5 

TABX 

F632 

84 

31CE 

XABX 

F63C 

84 

3107 

PUSX 

F647 

84 

31E0 

SA 

F64C 

84 

31E9 

PULX 

F65E 

84 

31F2 

PA 

F669 

84 

31FB 

ADDXAB 

F674 

84 

3204 

ADDABX 

F67B 

34 

3200 

^IDDAB 

F680 

84 

3216 

STAUXH 

F686 

84 

321 F 

TESTS 

F68B 

84 

3228 

TA 

F68F 

84 

3231 

51 


AMI  8800 
ASM  VI.  1 


PRGTU  BOARD  MONITOR 
SYMBOL  TABLE 


SYMBOL 

VALUE 

ATTR 

LOCN 

ADDAX  ' 

F832 

34 

323A 

ADDZ 

F635 

84 

3243 

ADDBX 

F633 

84 

324C 

SUBXAB 

F63E 

84 

3255 

SUBABX 

F6A5 

84 

325E 

SUBAX 

F6B2 

84 

3267 

SSUB 

F8B3 

84 

3270 

SUBBX 

FBCO 

84 

3279 

INDEX 

F8C5 

84 

T'OOO 

MPYS 

F6D8 

84 

32  SB 

MUL8 

F6CD 

84 

3234 

•JMPTZ 

Ft'Dt. 

84 

323D 

MUL16 

0300 

84 

32A6 

MSHIFT 

0810 

84 

32AF 

MLOOP 

08OA 

84 

32B8 

BSHIFT 

F6E4 

84 

32C1 

BLOOP 

F8E0 

84 

32CA 

SVECTO 

F6EC 

34 

32D3 

P4HEX 

F71C 

84 

32DC 

PHEX 

F727 

84 

32E5 

P2HEX 

F721 

84 

32EE 

ASCI IR 

F754 

84 

32F7 

ASCI IL 

F750 

84 

3300 

PUTAX 

F740 

84 

3303 

PUTA 

F745 

84 

3312 

PINCH' 

F725 

84 

331B 

PRTS 

F73C 

84 

3324 

PRINT A 

F73D 

84 

332D 

PRDY 

F748 

84 

3336 

ARTS 

F75E 

84 

333F 

PMESS 

F75F 

84 

3348 

ETX 

0004 

84 

3351 

TRTS 

F76E 

84 

335A 

VALAN 

F76F 

84 

3363 

ALPNUM 

F773 

84 

336C 

SCARRY 

F774 

84 

3375 

SETUS 

F775 

84 

337E 

ANUM 

F78D 

34 

3387 

ANOTOK 

F735 

84 

3330 

NRTS 

F737 

34 

3333 

AOK 

F783 

84 

33A2 

JPINCX 

F73S 

84 

33AB 

INPUT A 

F79A 

84 

33B4 

IWAIT 

F78F 

34 

33BD 

CONHB 

F7AC 

84 

33C6 

CLOOP1 

F7B3 

84 

33CF 

CFOUND 

F7C3 

84 

33D8 

ENDCNT 

F7C1 

84 

33E1 

NOGOOD 

F7E2 

34 

33EA 

CSLOOP 

F7CE 

C4 

33F3 

LINK 


lb 


END  ASM  VI.  1 


AMI  i 

6800 

FTBL 

ASM  1 

VI.  1 

SEQ 

LOG 

OBJ 

SOURCE 

0001 

NAM 

FTBL 

0002 

+■ 

0002 

♦GENERA  ("EB  BY 

f-  1  GN9+ 

0004 

aft  s»s  * 

0005 

♦FREUUENCV  I ABLE2  + 

0006 

•+•  •+■  :+•  <+• 

*  %  *  :+: 

000/ 

E800 

ORG 

IE  800 

0006 

* 

0009 

E80U 

E8 

80 

INDEX  FBB 

FRQ6 

0010 

E802 

E8 

D1 

FDB 

FRu / 

0011 

E804 

E9 

1A 

FBB 

FRQ8 

0012 

E8W6 

E9 

5B 

FDB 

FRL'9 

0012 

E3Q8 

E9 

yy 

FBB 

FRQ10 

0014 

E80A 

E9 

CB 

FBB 

FRQ11 

0015 

E80G 

E9 

FE 

FBB 

FRQ12 

0016 

E80E 

EA 

2F 

FBB 

FRQ12 

001? 

E310 

EA 

5C 

FBB 

FRO  14 

0018 

E812 

EA 

85 

FBB 

FRQ15 

0019 

E814 

EH 

AE 

FBB 

FRQ16 

0020 

E816 

EA 

D? 

FBB 

FRQ'l? 

0021 

E818 

EA 

FC 

FDB 

FRQ13 

0022 

E31A 

EB 

21 

FBB 

FRQ19 

0022 

E81C 

EB 

42 

FDB 

FRQ20 

0024 

E81E 

EB 

62 

FBB 

FRQ21 

0025 

E820 

EB 

84 

FBB 

FRQ22 

0026 

E822 

EB 

H5 

FBB 

FR.Q22 

■002? 

E824 

EB 

C6 

FBB 

FRQ24 

0028 

E826 

EB 

E? 

FBB 

FRQ25 

0029 

E828 

EC 

04 

FBB 

FRQ26 

0020 

E82A 

EC 

21 

FBB 

FRQ2? 

0021 

ES2C 

EC 

2E 

FBB 

FRQ28 

0022 

E82E 

EC 

5B 

FDB 

FRQ29 

0022 

E820 

EC 

?8 

FBB 

FRQ20 

0024 

ES.s.2 

EC 

91 

FDB 

FRQ21 

0025 

E824 

EC 

AA 

FBB 

FRQ22 

0026 

E826 

EC 

C2 

FDB 

FRQ22 

002? 

E828 

EC 

BC 

FBB 

FRQ24 

0028 

E82fl 

EC 

F5 

FDB 

FRQ25 

0029 

E82C 

EB 

0E 

FDB 

FRQ26 

0040 

E82E 

EB 

2? 

FDB 

FRQ2? 

0041 

E840 

EB 

40 

FDB 

FRQ28 

0042 

E842 

EB 

59 

FDB 

FRQ29 

0042 

E844 

EB 

22 

FDB 

FRQ40 

0044 

E846 

EB 

SB 

FDB 

FRQ41 

0045 

ES48 

EB 

A4 

FDB 

FRQ42 

0046 

ES4A 

EB 

B9 

FDB 

FRQ42 

•004? 

E84C 

EB 

CE 

FDB 

FRQ44 

0048 

E84E 

EB 

E2 

FDB 

FRQ45 

0049 

ES50 

EB 

F8 

FDB 

FRQ46 

-0050 

ES52 

EE 

0B 

FDB 

FRQ4? 

0051 

E854 

EE 

22 

FDB 

FRQ43 

0052 

E856 

EE 

2? 

FDB 

FRQ49 

0052 

E858 

EE 

4C 

FDB 

FRU50 

0054 

E85A 

EE 

61 

FBB 

FRQ51 

0055 

E85C 

EE 

?6 

FDB 

FRQ52 

AM I  6300 
ASM  VI.  1 


FTBL 


PAGE  G002 


SEQ  LOG  OBJ  SOURCE 


0O56 

ESSE 

EE 

SB 

FDB 

FRQ53 

0057 

E860 

EE 

HO 

FDB 

FRQ54 

0058 

E862 

EE 

B5 

FDB 

FRQ55 

0059 

E864 

EE 

CH 

FDB 

FRQ56 

0060 

E866 

EE 

DB 

FDB 

FRQ57 

0061 

E868 

EE 

EC 

FDB 

FRQ53 

0062 

E86A 

EE 

FD 

FDB 

FRQ59 

0063 

E36C 

EF 

0E 

FDB 

FRQ60 

0064 

E880 

ORG 

1E880 

0065 

♦FREQUENCY  TABLE  FOR 

0066 

0067 

E880 

FRQ6 

FOB 

35 

0068 

E381 

03 

1H 

FDB 

794 

0069 

E883 

6C 

8E 

FDB 

27790 

0070 

E885 

07 

FF 

FDB 

2047 

0071 

E887 

00 

80 

FDB 

128  . 

0072 

♦PULSE 

WIDTHS 

0673 

E889 

00 

31 

FDB 

49 

0074 

E3SB 

00 

30 

FDB 

48 

0075 

ESSO 

00 

FDB 

50 

0076 

E8SF 

00 

2F 

FDB 

47 

0077 

E891 

00 

32 

FOB 

50 

0O78 

E893 

00 

2E 

FDB 

46 

0079 

E895 

00 

33 

FDB 

51 

0080 

E397 

00 

2D 

FDB 

45 

0081 

E899 

00 

34 

FDB 

52 

0082 

E89B 

00 

2C 

FDB 

44 

0083 

E89D 

00 

34 

FDB 

52 

0084 

E89F 

00 

2B 

FDB 

43 

0085 

E8A1 

00 

25 

FDB 

53 

0086 

E8R3 

00 

2H 

FDB 

42 

0087 

E8A5 

00 

36 

FDB 

54 

0088 

E8A7 

00 

29 

FDB 

41 

0089 

E3B9 

00 

26 

FDB 

54 

0090 

ESAB 

00 

23 

FDB 

40 

0091 

E3RD 

00 

36 

FDB 

54 

0092 

E8HF 

00 

27 

FDB 

39 

0093 

E8B1 

00 

37 

FDB 

55 

0094 

E8B3 

00 

25 

FDB 

37 

0095 

E8B5 

00 

37 

FDB 

55 

0096 

E8B7 

00 

24 

FDB 

36 

0097 

E3B9 

00 

37 

FDB 

55 

0098 

E8BB 

00 

23 

FDB 

35 

0099 

E8BD 

00 

38 

FDB 

56 

8100 

E8BF 

00 

21 

FDB 

33 

0101 

E8C1 

00 

28 

FDB 

56 

0102 

E8C3 

00 

20 

FDB 

22 

0103 

E3C5 

00 

38 

FDB 

56 

0104 

E8C7 

00 

IF 

FDB 

31 

0105 

E3C9 

00 

38 

FDB 

56 

0106 

ESCB 

00 

ID 

FDB 

29 

0107 

E8CD 

00 

38 

FDB 

56 

0108 

E8CF 

00 

1C 

FDB 

28 

0109  ♦FREQUENCY  TABLE  FOR 

0110  * 


6  HZ. 

.■  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
;  LENGTH  OF  PULSE  PERIOD  CUSEf 
>  LENGTH  OF  60  DEGREE  SEG  <USE 
;  SFMAX 
;  SFMIN 

,  DOM 
,  DOM 
,  DOM 
,  DOM 
,  DOM 
,  DOM 
DOM 
DOM 
.;  DOM 
,  DOM 
DOM 
>  DOM 
DOM 
,  DOM 
;  DOM 
,  DOM 
^  DOM 
,  DOM 


4o 


AMI  6800 

FTBL 

PAGE  0O03 

1 

ASM 

Y*l.  1 

' 

SEQ 

LOG 

OBJ 

SdURgE 

0111 

ESDI 

IF 

FRQ7 

FOB 

31 

,  NO.  - 

PULSE 

PERIODS  IN  60  DEG 

SEG 

0112 

E8D2 

03 

00 

FDB 

768 

i 

LENGTH 

OF 

PULSE  PERIOD 

CUSEC) 

0113 

ESD4 

5D 

00 

FDB 

23808 

j 

LENGTH 

OF 

60  DEGREE  SEG 

c.USEC 

0114 

ESD6 

07 

FF 

FDB 

2047 

j 

SFMRX 

0115 

E3D8 

00 

80 

FDB 

128 

t 

SFMIN 

0116 

♦PULSE 

WIDTHS 

0117 

E8DA 

00 

,:-7 

FDB 

55 

,  DOM 

0118 

ESDC 

00 

36 

FDB 

54 

0119 

E8DE 

00 

FDB 

56 

..  DOM 

0120 

E3E0 

00 

35 

FDB 

53 

0121 

E8E2 

00 

39 

FDB 

57 

,  DOM 

0122 

ESE4 

00 

34 

FDB 

52 

0123 

ESE6 

00 

3A 

FDB 

58 

,  DOM 

0124 

E3E8 

00 

33 

FDB 

51 

0125 

ESEfl 

00 

3B 

FDB 

59 

,  DOM 

0126 

ESEC 

00 

31 

FDB 

49 

0127 

ESEE 

00 

3C 

FDB 

60 

;  DOM 

0128 

E8F0 

00 

30 

FDB 

48 

0129 

E8F2 

00 

3C 

FDB 

60 

,  DOM 

0130 

E8F4 

00 

2F 

FDB 

47 

0131 

E8F6 

00 

3D 

FDB 

61 

DOM 

0132 

E8F8 

00 

2D 

FDB 

45 

0133 

E8FA 

00 

3E 

FDB 

62 

,  DOM 

0134 

E8FC 

00 

2C 

FDB 

44 

0135 

E8FE 

00 

3E 

FDB 

62 

,  DOM 

0136 

E900 

00 

2A 

FDB 

42 

0137 

E902 

00 

3E 

FDB 

62 

.;  DOM 

8138 

E904 

00 

28 

FDB 

40 

0139 

E906 

00 

3F 

FOB 

63 

,  DOM 

0140 

E908 

00 

2  ( 

FDB 

39 

0141 

E90R 

00 

3F 

FDB 

63 

.;  DOM 

0142 

E90C 

00 

25 

FDB 

r» 

^  1* 

'  -X 

0143 

E93E 

00 

3F 

FDB 

S3 

,  DOM 

0144 

E910 

00 

23 

FDB 

35 

0145 

E912 

00 

3F 

FDB 

S3 

,  DOM 

0146 

E914 

00 

21 

FDB 

33 

0147 

E916 

00 

3F 

FDB 

S3 

,  DOM 

0148 

E918 

00 

IF 

FDB 

31 

0149 

♦FREQUENCY  TABLE  FOR  8  HZ. 

0150 

♦ 

©151 

E91A 

IB 

FR0.8 

FCB 

27 

,  NO.  - 

PULSE 

PERIODS  IN  60  DEG 

SEG 

0152 

E91B 

03 

04 

FDB 

772 

LENGTH 

OF 

PULSE  PERIOD 

CUSECJ 

0153 

E91D 

51 

6C 

FDB 

20844 

LENGTH 

OF 

60  DEGREE  SEG 

CUSEC 

0154 

E91F 

07 

FF 

FDB 

2047 

i 

SFMAX 

0155 

E921 

00 

80 

FDB 

128 

t 

SFMIN 

0156 

♦PULSE 

WIDTHS 

0157 

E923 

00 

48 

FDB 

64 

i  DOM 

0158 

E925 

00 

3E 

FDB 

62 

0159 

E927 

00 

41 

FDB 

65 

,  DOM 

0160 

E929 

00 

3D 

FDB 

61 

0161 

E92B 

00 

42 

FDB 

66 

,  DOM 

0162 

E92D 

00 

3B 

FDB 

59 

0163 

E92F 

00 

43 

FDB 

67 

,  DOM 

0164 

E931 

00 

39 

FDB 

57 

0165 

E933 

00 

44 

FDB 

68 

;  DOM 

AM I  6800 
ASM  VI.  1 


FTBL 


PAGE  0004 


SEQ 

LOG 

OBJ 

SOURCE 

0166 

E935 

00 

23 

FDB 

56 

0167 

E937 

00 

45 

FDB 

69 

0168 

E939 

00 

26 

FDB 

54 

0168 

E93B 

00 

46 

FDB 

70 

0170 

E930 

00 

24 

FDB 

52 

0171 

E93F 

00 

47 

FDB 

71 

0172 

E941 

00 

2  ci’ 

FDB 

50 

0173 

E943 

00 

47 

FDB 

71 

0174 

E945 

00 

30 

FDB 

48 

0175 

E947 

00 

48 

FDB 

0176 

E949 

00 

2E 

FDB 

46 

0177 

E94B 

00 

48 

FDB 

7  ci 

0178 

E94D 

00 

2B 

FDB 

42 

0179 

E94F 

00 

49 

FDB 

72 

0180 

E951 

00 

29 

FDB 

41 

0181 

E953 

00 

49 

FDB 

72 

0182 

E955 

00 

Cl  1 

FOB 

23 

0183 

E957 

00 

49 

FDB 

72 

0184 

0185 

0186 

E959 

00 

24 

FDB  36 

♦FREQUENCY  TABLE  FOR 

+. 

8187 

E95B 

19 

FRQ9 

FOB 

25 

0188 

E95C 

02 

E5 

FDB 

741 

0189 

E95E 

48 

5D 

FDB 

18525 

0190 

E960 

07 

FF 

FDB 

2047 

0191 

0192 

E962 

00 

80 

♦PULSE 

FDB 

WIDTHS 

128 

0193 

E964 

00 

45 

FDB 

69 

0194 

E966 

00 

43 

FDB 

67 

0195 

E968 

00 

46 

FDB 

70 

0196 

E96A 

00 

41 

FDB 

65 

0197 

E96C 

00 

48 

FDB 

72 

0198 

E96E 

00 

40 

FDB 

64 

0199 

E970 

00 

49 

FDB 

t  JJ. 

0200 

E972 

00 

3E 

FDB 

6c£ 

0201 

E974 

00 

4A 

FDB 

74 

0202 

E976 

00 

3B 

FDB 

59 

0203 

E978 

00 

4B 

FDB 

75 

0204 

E97A 

00 

39 

FDB 

57 

0205 

E97C 

00 

4C 

FDB 

76 

0206 

E97E 

00 

37 

FDB 

55 

0207 

E980 

00 

4D 

FDB 

77 

0208 

E9S2 

00 

35 

FDB 

53 

0209 

E984 

00 

4E 

FDB 

78 

0210 

E986 

00 

32 

FDB 

50 

0211 

E988 

00 

4E 

FDB 

78 

0212 

E98A 

00 

2F 

FDB 

47 

0213 

E98C 

00 

4E 

FDB 

78 

0214 

E98E 

00 

2D 

FDB 

45 

0215 

E990 

00 

4F 

FDB 

79 

0216 

E992 

00 

2A 

FDB 

42 

0217 

E994 

00 

4F 

FDB 

79 

0218 

0219 

0220 

E996 

00 

27 

FDB  39 

♦FREQUENCY  TABLE  FOR 
♦ 

,  DOM 
DOM 
i  DOM 
DOM 
,  DOM 
,  DOM 
;  DOM 
,  DOM 
;  DOM 
HZ. 

.;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
;  LENGTH  OF  PULSE  PERIOD  CUSEC 
i LENGTH  OF  60  DEGREE  SEG  <USE 
, SFMAX 
j  SFMIN 

,  DOM 
,  DOM 
;  DOM 
.:  DOM 
.;  DOM 
,  DOM 
.:  DOM 
,•  DOM 
;  DOM 
.;  DOM 
.;  DOM 
,  DOM 
,  DOM 


42. 


AMI  6800 
ASM  VI.  1 


FTBL 


PftGE  0005 


SEQ 

LOG 

OBJ 

SOURCE 

0221 

E998 

15 

FRQ10 

FOB 

21 

; NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0222 

E999 

02 

1A 

FDB 

794 

; LENGTH  OF 

PULSE  PERIOD  CUSEO 

0222 

E99B 

41 

~l  -J 

FDB 

16674 

; LENGTH  OF 

60  DEGREE  SEG  <!USEC 

0224 

E99D 

07 

FF 

FDB 

2047 

, SFMAX 

0225 

E99F 

00 

80 

FDB 

128 

, SFMIN 

0226 

♦PULSE 

WIDTHS 

0227 

E9A1 

00 

52 

FDB 

82 

,  DOM 

0228 

E9A2 

00 

50 

FDB 

80 

0229 

E9A5 

00 

54 

FDB 

84 

,  DOM 

0220 

E9A7 

00 

4D 

FDB 

i*  r 

0221 

E9A9 

00 

56 

FDB 

86 

,  DOM 

0222 

E9AB 

00 

4B 

FDB 

75 

0222 

E9fiD 

00 

58 

FDB 

88 

,  DOM 

02b4 

E9AF 

00 

48 

FDB 

72 

0225 

E9B1 

00 

5A 

FDB 

90 

,  DOM 

0226 

E9B2 

00 

45 

FDB 

69 

0227 

E9B5 

00 

5B 

FDB 

91 

;  DOM 

0228 

E9B7 

00 

41 

FDB 

65 

0229 

E9B9 

00 

5C 

FDB 

92 

,  DOM 

0240 

E9BB 

00 

2E 

FDB 

62 

0241 

E9BD 

00 

5D 

FDB 

92 

..  DOM 

0242 

E9BF 

00 

2A 

FDB 

58 

0242 

E9C1 

00 

5D 

FDB 

92 

,  DOM 

0244 

E9C2 

00 

27 

FDB 

55 

0245 

E9C5 

00 

5E 

FDB 

94 

.;  DOM 

©246 

E9C7 

00 

22 

FDB 

51 

0247 

E9C9 

00 

5E 

FDB 

94 

,  DOM 

0248 

E9CB 

00 

2F 

FDB 

47 

0249 

♦•FREQUENCY  TABLE  FOR  11 

HZ. 

0250 

* 

0251 

E9CD 

12 

FRQ11 

FCB 

19 

, NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0252 

E9CE 

02 

ID 

FDB 

797 

; LENGTH  OF 

PULSE  PERIOD  CUSEO 

0252 

E9D0 

2B 

27 

FDB 

15142 

; LENGTH  OF 

60  DEGREE  SEG  (LISEC 

0254 

E9D2 

07 

6A 

FDB 

1898 

.;  SFMAX 

0255 

E9D4 

00 

80 

FDB 

123 

;  SFMIN 

0256 

♦PULSE 

WIDTHS 

0257 

E9D6 

00 

5B 

FDB 

91 

,  DOM 

0258 

E9t>8 

00 

58 

FDB 

88 

0259 

E9DA 

00 

5E 

FDB 

94 

DOM 

0260 

E9DC 

00 

55 

FDB 

85 

0261 

E9DE 

00 

60 

FDB 

96 

>  DOM 

0262 

E9E0 

00 

52 

FDB 

82 

0262 

E9E2 

00 

62 

FDB 

98 

,  DOM 

0264 

E9E4 

00 

4E 

FDB 

i  2 

0265 

E9E6 

00 

64 

FDB 

100 

.;  DOM 

0266 

E9E3 

00 

4A 

FDB 

74 

0267 

E9EA 

00 

65 

FDB 

101 

,  DOM 

0268 

E9EC 

00 

46 

FDB 

70 

0269 

E9EE 

00 

66 

FDB 

102 

;  DOM 

0270 

E9F0 

00 

42 

FDB 

66 

0271 

E9F2 

00 

67 

FDB 

102 

,  DOM 

0272 

E9F4 

00 

2D 

FDB 

61 

0272 

E9F6 

00 

68 

FDB 

104 

,  DOM 

0274 

E9F8 

00 

29 

FDB 

57 

0275 

E9FA 

00 

68 

FDB 

104 

,  DOM 

43 


AMI  6800  FTBL  PAGE  0006 

ASM  VI.  1 


SEQ 

LOG 

OB, 

.T 

SOURCE 

0276 

E9FC 

00 

34 

FDB 

52 

0277 

•♦•FREQUENCY  TABLE  FOR 

0278 

* 

0279 

E9FE 

13 

FRQ12 

FOB 

19 

0280 

ESFF 

02 

DB 

FDB 

721 

0281 

EA01 

26 

41 

FDB 

13889 

0282 

EA03 

06 

C7 

FDB 

1735 

0283 

EA05 

00 

3Q 

FDB 

128 

0284 

♦PULSE 

WIDTHS 

0285 

EA07 

00 

5B 

FDB 

91 

0286 

EA09 

00 

._»«*! 

FDB 

i“> 

oo 

0287 

EA08 

00 

5E 

FDB 

94 

0288 

EAOD 

00 

55 

FDB 

85 

0239 

EflOF 

00 

60 

FDB 

96 

029O 

EA11 

00 

52 

FDB 

82 

0291 

EA13 

00 

62 

FDB 

98 

0292 

EA15 

00 

4E 

FDB 

73 

0293 

EA17 

00 

64 

FDB 

100 

0294 

EA19 

00 

4A 

FDB 

74 

0295 

ERIE: 

00 

65 

FDB 

101 

0296 

EA1D 

00 

46 

FDB 

70 

0297 

EA1F 

00 

66 

FDB 

102 

0298 

EA21 

00 

42 

FDB 

66 

0299 

EA23 

00 

6? 

FDB 

103 

0300 

EA25 

00 

3D 

FDB 

61 

0301 

EA27 

00 

68 

FDB 

104 

0302 

EA29 

00 

23 

FDB 

57 

0303 

EA26 

00 

68 

FDB 

104 
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52 
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02 

F2 
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^4 
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0310 
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06 

47 

FDB 
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00 

80 

FDB 
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00 

66 

FDB 
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EA3A 

00 

63 

FDB 

99 
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EA3C 

00 

69 

FDB 
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0316 

EA3E 

00 

5F 

FDB 

95 

0317 

EA40 

00 

6C 

FDB 

108 

0313 

EA42 

00 

5A 

FDB 

90 

0319 

EA44 

00 

6F 

FDB 

ill 

0320 

EA46 

00 

56 

FDB 

86 

0321 

EA48 

00 

70 

FDB 

112 

0322 

EA4A 

00 

51 

FDB 

31 

0323 

EA4C 

00 

72 

FDB 

114 

©324 

EA4E 

00 

4B 

FDB 

75 

0325 

EA50 

00 

22 

FDB 

115 

0326 

EA52 

00 

46 

FDB 

70 

0327 

EA54 

00 

74 

FDB 

116 

0328 

EA56 

00 

40 

FDB 

64 
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00 

74 
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11 6 
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00 

3A 
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58 
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0321 

♦FREQUENCY  TRBLE  FOR 

14 

HZ. 

■+. 

0333 

ER5C 

0F 

FRQ14  FCB 

15 

, NO  -PULSE  PERIODS  IN  60  DEG  SEG 

0334 

ER5D 

03 

lh 

FDB 

794 

.;  LENGTH  OF  PULSE  PERIOD  CUSEO 

0335 

ER5F 

2E 

S6 

FOB 

11910 

,  LENGTH  OF  60  DEGREE  SEG  CUSEC 

0326 

ER61 

05 

L'l 

FOB 

1489 

;  sfmr:-: 

0337’ 

ER62 

00 

80 

FOB 

128 

, SFMIN 

03 36 

♦PULSE  WIOTHS 

0239 

ER65 

00 

74 

FOB 

116 

,  DOM 

0340 

ER67 

00 

6F 

FOB 

111 

0341 

ER69 

00 

»’  © 

FOB 

120 

,  DOM 

0342 

ER6G 

00 

6R 

FDB 

106 

0243 

ER6D 

00 

7C 

FOB 

124 

;  DOM 

0344 

ER6F 

00 

65 

FOB 

101 

0245 

ER71 

00 

7E 

FOB 

126 

,  DOM 

0346 

ER73 

00 

5E 

FOB 

94 

0  4  ( 

ER75 

00 

81 

FOB 

129 

,  DOM 

0_>4b 

ER77 

00 

58 

FOB 

88 

0349 

ER79 

00 

32 

FOB 

130 

.;  DOM 

0350 

ER7B 

00 

51 

FDB 

81 

0351 

ER7D 

00 

83 

FDB 

131 

.;  DOM 

0252 

ER?F 

00 

49 

FOB 

I*  — 

0352 

ER81 

00 

84 

FOB 

132 

,  DOM 
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00 

42 

FOB 

66 
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15 
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OF 
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15 
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ER66 

02 

E5 

FOB 
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; LENGTH  OF  PULSE  PERIOD  CUSEO 

0259 

ER88 

2B 

6B 

FOB 

11115 

LENGTH  OF  66  DEGREE  SEG  CUSEC 

0360 

ER8R 

05 

6B 

FOB 
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.•  SFMRX 
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ER8C 

00 

30 

FDB 

128 
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♦PULSE  WIOTHS 
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00 

74 

FOB 
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,  DOM 
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00 

6F 

FOB 
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ER92 

00 
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FOB 
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,  DOM 

0366 
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00 

6R 

FOB 

106 
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00 

7C 

FOB 
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.;  DOM 

03-68 

ER98 

00 

65 

FOB 
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00 

7E 

FOB 

126 

,  DOM 
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ER9C 

00 

5E 

FOB 

94 
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ER9E 

00 

81 

FOB 
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,  DOM 
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ERRO 

00 

38 

FOB 

bo 

0373 

ERR2 

00 

82 

FOB 
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,  DOM 
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ERR4 

00 

51 

FOB 

81 
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ERR6 

00 
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u 

FDB 
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,  DOM 
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00 

49 
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1*  2s 

G277 
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00 
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02 
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hR 

FOB 

10410 

, LENGTH  OF  60  DEGREE  SEG  CUSE 
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y 

EA67 

00 

74 

FDB 

116 
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EA89 

00 

6F 

FDB 

111 

0289 

EABB 

00 

l*’  C> 

FDB 

120 

0290 

EABD 

00 
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FDB 
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0391 

EABF 

00 

7C 

FDB 
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0392 

EAC1 

00 
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FDB 
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0393 
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00 

7E 

FDB 
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0394 

EAC5 

00 

5E 

FDB 

94 

0290 
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00 

81 

FDB 
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0296 
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00 

r.~ 
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oo 
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EACB 

00 
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00 
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EAD7 

0D 
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IS 
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EADS 

02 

F2 
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38 

4A 

FDB 
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EADC 

04 

CM 

FDB 

1226 

0409 

EADE 

00 

80 

FDB 
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0410 

♦PULSE  WIDTHS 

0411 

EAEO 

00 

ob 

FDB 

134 

0412 

EAE2 

00 

80 

FDB 

123 

0413 

EAE4 

00 

8C 

FDB 

140 

0414 

EAE6 

00 

79 

FDB 

121 

0415 

EAE8 

00 

90 

FDB 

144 

041b 

EAEA 

00 
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FDB 

114 

0417 
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00 

93 

FDB 

147 
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00 
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0419 
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00 

96 
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00 

60 
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96 
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EB05 

00 

86 

FDB 

134 

0424 

EB07 

00 

80 

FDB 

128 

0425 

EE:  09 

00 

8C 

FDB 

140 

0426 

EBOB 

00 

79 

FDB 

121 

0427 

EBOD 

00 

90 

FDB 

144 

0428 

EB0F 

00 

FDB 

114 

0439 

EB11 

00 

93 

FDB 

147 

0440 

EB13 

00 

69 

FDB 

105 

PAGE  UU08 

,  DOM 
.;  DOM 
DOM 
,  DOM 
;  DOM 
,  DOM 
,  DOM 
,  DOM 

17  HZ. 

,  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
LENGTH  OF  PULSE  PERIOD  c. USE'.' 

; LENGTH  OF  60  DEGREE  SEG  CUSEO 
} SFMfiX 
, SFMIN 

i  DOM 
,  DOM 
,  DOM 
,  DOM 
.;  DOM 
,  DOM 
,  DOM 
HZ. 

,  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
..LENGTH  OF  PULSE  PERIOD  aiSEC) 

,  LENGTH  OF  60  DEGREE  SEG  <USt  • 
, SFMflX 
, SFMIN 

i  DOM  j 

i  DOM  | 

,  DOM 

,  DOM  ' 


44 


F'RGE  DGOr* 


HP1I  6600  FTEL 

RSH  VI.  x 


S  EQ 

LUC 

OB 

J 

iUuR»wt 

0441 

EE  15 

00 

F0B 

150 

OOl  1 

0441 

Ec'i  7 

LiH 

r,H 

F0B 

90 

0441 

E£x3 

00 

Z*  t 

FOB 

±51 

..  0011 

'J4HM 

E6ie 

00 

56 

FOB 

ou 

►-'44  0 

EB1D 

00 

'3o 

FOB 

152 

,  dun 

044E 

EBlF 

Ou 

4C 

F  0b 

7  0 

0447 

+  FPEuUEN'-V  T FiBLE  FUR  16  H2. 

-'44c. 

•+ 

044  3 

EB2  i 

0  b 

F  PUIS 

fcb 

ii 

.;  NO 

-PULSE 

PEP  1 00. 

:■  IN  60  OEG 

0  4  S  Hi 

EB.Z2 

o_. 

ID 

FOB 

i‘  Z?  i' 

LENG 1 H 

OF  F'Ut-SE  PERIOD 

0451 

EB24 

zz_ 

^  r 

FOB 

370*7 

LENGTH 

OF  6U 

O'EGREE  SEG 

0451 

CLC'XO 

Oh 

4F 

FOB 

1105 

sf  mh:-: 

0451. 

EB.Z3 

00 

30 

F0B 

128 

SFMIN 

04  5m 

■+F'Ui_C'E 

WiOTFiS 

0455 

E62R 

00 

_-F 

F0B 

153 

;  DGI-1 

0456 

EBdL 

ou 

JT*  t 

F0B 

151 

0457 

Ec^t 

O  U 

n  7 

FOB 

167 

■  OO  PI 

0456 

EBZ-0 

00 

60 

i  •  DB 

141 

04 5 S 

EBZ-2 

00 

ftC 

FOB 

x  7b 

,  OOf'1 

►Z'460 

EBZ4 

00 

FOB 

150 

0461 

EB56 

00 

B0 

FOB 

176 

.•  0  Url 

U461 

E  c-  Z-  o 

uu 

i  -J 

FOB 

117 

Oho  2- 

E65R 

00 

BS 

FOB 

1  i 

•  5'0N 

04 6  4 

EBZ-C 

00 

03 

rOb 

xt'4 

E  B  Z  E 

00 

B5 

FOB 

x  7 '4 

•  DON 

0466 

EE  40 

00 

Oh 

r  L.'b 

30 

U467 

t  F  r  6'  "'UEUC  t  T  FiBLE  FOr  2'j  H2 

El  *4  o  c> 

•+ 

ei  *4  o  3 

EB42 

06 

r  F .'02'U 

hCc 

ii 

,  NO.  - 

-PULSE 

PEP I 00; 

IN  60  OEG 

0470 

EB4Z- 

02 

F6 

Ft  'B 

71*3 

.. 

LENGTH 

OF  PULSE  PERIOD 

04  7i 

E645 

2Jj 

r  L'B 

O— -i 

.. 

LtNG  1"H 

OF  60 

DEGREE  SEG 

Oh  7  c: 

cc-4  7’ 

04 

±7 

Ft'6 

1 1'4  7' 

SFPIHX 

04  75 

E643 

00 

60 

r  L'f- 

148 

S.FHIN 

►J474 

+  F'  Ui_5E 

010  1  Ft  2. 

0475 

EB4E. 

0M 

-4F 

F  Od 

153 

,  DGI-1 

047't. 

Ec.40 

00 

3  7 

FOB 

151 

*_»4  7] 

£c.4F 

0O 

H7 

FOB 

167’ 

•  00I-1 

.'4  7  c- 

EB  jl 

00 

6D 

r  l  'B 

141 

047  3 

EB55 

00 

riC 

r  l  •  B 

17  x 

■  L'Ul-1 

0480 

EB55 

00 

Oi 

FOB 

150 

0461 

EEC*  7 

00 

Bu 

FOB 

176 

■  L'Ul-1 

'JHOi 

EEC*3 

00 

75 

FOB 

Ixi 

'J  4  3  _ 

tiECb 

00 

B5 

3  L'B 

X73 

■  DOM 

0H  OH 

£B5C> 

00 

r.  c> 

r  L'b 

104 

0465 

EB5F 

00 

B_- 

FOB 

179 

■  DON 

Oho  o 

C.C.0X 

HU 

5R 

FOB 

30 

>j  4  3  7 

>  F  PEUUENC't1  )  hBLE  FOR  21  H2. 

Uho.;. 

+ 

0439 

obOZ 

0B 

F  F  Hi 

Ft.B 

ii 

.  NO.  - 

FUlSE  FtriUi-c 

IN  -.l*  l  E  •  j 

0430 

EBB  4 

Ocl 

02 

r  L.'B 

i- 

.. 

LtNuT  n 

OF  F  i.i l 

;  t  F  tF  I 

-4ri 

CCT-OO 

IF 

OB 

FOB 

7342 

LENGTH 

OF  60 

1  ■  d  i  j  ^  r.  ■;  ;  -t  U 

‘-'H-T*.!. 

EB03 

0_;. 

E5 

r  Db 

*“•  3 

St-l-ln.-, 

O  4  3  Z 

EB6R 

00 

O0 

FOB 

126 

6r  i  Ii  N 

04-j*-t 

4F'Ui_6E 

NlOTHS 

J  4  3 

tcbC-C 

0o 

3r 

FOB 

•  c  . 

-L  r* 

L'Ui-l 

SEG 
USEC , 
■USE'. 


SEG 
■  US EC ; 
IJS  EC 


t  ij 
i-.t  r 

■  E 


4-1 


A 1 40  299  ADVANCED  MOTOR-CONTROLLER  DEVELOPMENT ( U )  WESTINGHOUSE 
OCEANIC  OIV  ANNAPOLIS  MD  L  E  LESSTER  ET  AL .  22  dUN  83 
DTNSROC-PASD-CR-1-83  N00167-82-C-0122 


UNCLASSIFIED 


F/G  9/3 


RM I  6SO0 
RSM  Vi.  1 


FTBL 


PRGE  0010 


SEQ 

LOG 

OBJ 

SOURCE 
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EB6E 

00 

37 

FDB 
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:1 
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EB?0 

00 
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FDB 
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;  DOM 

0498 

C.B72 

00 

8D 

FDB 
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} 

0499 

EB?4 

00 

RC 

FDB 
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;  DOM 

1 

0500 

EB?6 

00 

32 

FDB 
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*  4 

0501 
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00 

B0 

FDB 

176 

,  DOM 
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00 

73 
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117 

} 

0562 

EB?C 

00 
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FDB 
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,  DOM 

J 
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EB?E 

00 

68 

FDB 
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EB80 

00 

Bj 
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179 

.;  DOM 

1 
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EB82 

00 

3R 
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90 

) 
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22 

HZ. 
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♦ 

0569 

EB84 

0B 

FRQ22 
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11 

;  NO.  -PULSE 

PERIODS  IN  6©  DEG  SEG 

0510 

EB85 

02 

B1 

FDB 

689 

, LENGTH 

OF  PULSE  PERIOD  7USEC;j 

05ix 

Eti8? 

ID 

9B 

FDB 

7579 

; LENGTH 

OF  60  DEGREE  SEG  7USEC 

0512 

EB89 

03 

B4 

FDB 

948 

;  SFMHX 

0512 

EBSB 

00 

80 

FDB 

128 

.;  SFMIN 

. 

0514 

♦PULSE 

WIDTHS 

0515 

EB8D 

00 

9F 

FDB 

159 

;  DOM 

65it. 

EBSF 

00 

9? 

FDB 

151 

051? 

EB91 

00 

R7 

FDB 

167 

,  DOM 

0518 

EB92 

00 

8D 

FDB 

141 

—  — i 

0519 

EE;95 

00 

RC 

FDB 

172 

,  DOM 

0520 
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00 

32 

FDB 
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■  - 

0521 

EB99 

00 

B0 

FDB 

176 

;  DOM 

0522 

EB9B 

00 

75 

FDB 

117 
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EB9D 

00 

B2 

FDB 

179 

;  DOM 
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06 

68 
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0525 
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00 

B3 

FDB 
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;  DUM 
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00 

5R 
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90 
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23 

N 

X 
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*C 

0529 
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0B 
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FCB 

11 

;  NO.  -PULSE 

PERIODS  IN  60  DEG  SEG 

0526 
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02 

93 

FDB 
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i LENGTH 

OF  PULSE  PERIOD  CUSEC,. 

0521 

EBH8 

1C 

51 

f-DB 

7249 

>  LENGTH 

OF  60  DEuREE  SEG  7USEC 

0522 

EBhH 

02 

89 

FDB 

905 

J  SFMRX 

0522 

EBHC 

00 

80 

FDB 

128 

; SFMIN 

0524 

♦PULSE 
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0525 

EBRt 

00 

9F 

FDB 

159 

.;  DUM 

— 

052e 

EBB0 

00 

9? 

FDB 

151 

052? 

EBB2 

00 

R7 

FDB 

167 

}  DOM 

•Ml 

0526 

EBB4 

00 

FDB 

141 

0529 

Ebcio 

00 

HC 

FDB 

172 

..  DUM 

f 

tiw'40 

C.BB8 

00 

82 

FDB 

120 

L 

05*ti 

EBBm 

00 

B0 

PDb 

176 

i  DUM 

0542 
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00 

75 

FDB 
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i 
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CJ 

S3 

FDB 

179 
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( 

0544 

-8U0 

00 

e>8 

FDB 
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0545 

C.BC2 

00 

B2 

FDB 
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00 

5H 
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90 

f 
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24 
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l 
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♦ 
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WB 
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ID 
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03 

61 
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00 

60 
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0554 
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0555 
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HO 

FDB 
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,  DUM 
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00 

3/ 
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151 
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00 

H7 
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‘  -0558 
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00 

80 
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141 

0553 
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O0 

hC 
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1,2 

;  DOM 

0560 

EBD3 

00 

82 

F  DB 
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.05&1 
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00 

BO 
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I,- '6 

>  DOM 

6._>62 

EBDD 

00 

75 

FDB 

117 

0563 

EBDF 

00 

B3 

FDB 

173 

;  DUM 

ti564 

EBE1 

00 

©8 

FDB 

104 

'■  0565 

EBE3 

00 

B-i- 

PDB 

173 

,  DUM 

0566 

EBE5 

00 

5H 

PDB 

30  . 

056? 

♦FREQUENCY  TABLE  PUR 

25  HZ. 

«  -0568 

♦ 

0563 

EBE7 

03 

FKG23  FOB 

3 

i  NO. 

*  70570 

EBE8 

02 

E5 

FDB 

7' 41 

0571 

EBEH 

1H 

OD 

FDB 

6663 

*  *0572 

EBEC 

03 

44 

FDB 

836 

.  -0573 

EBEE 

00 

80 

FDB 

128 

0574 

♦PULSE  W 1 D ( HS 

■  "0575 

EBFO 

OO 

C4 

PDB 

136 

;  DUM 

0576 

EBF2 

00 

B7 

PDB 

183 

“0577 

EBF4 

00 

CE 

FDB 

206 

.;  DUM 

- .0576 

EBF6 

00 

H8 

FDB 

168 

0575 

EBF8 

00 

D6 

FDB 

214 

i  DUM 

-  '0560 

EBFfl 

00 

36 

FDB 

ISO 

0581 

EBFC 

00 

D8 

FDB 

218 

f  DUM 

* *0582 

EBFE 

00 

83 

FDB 

131 

„  _0583 

ELOU 

00 

DB 

FDB 

213 

i  DOM 

0584 

EC02 

00 

6£ 

FDB 

110 

>  LENG  f'H  OF  60  DEGREE  SEG  <USE( 
i  SFM’ 

>  SFMIN 


;  LENGTH  OF  PULSE  PERIOD  (.USEC) 
LENGTH  OF  60  DEGREE  SEG  CUSEC 
;  SFMHX 
;  SFMIN 


r  10587 

EC04 

03 

FRQ26  FCB 

3 

j  NO. 

tU568 

EC05 

02 

C8 

FDB 

712 

!  '  0583 

ECO? 

13 

08 

FDB 

6408 

-  0530 

EU03 

03 

22 

FDB 

802 

i  !  0531 

EU0B 

00 

88 

FDB 

128 

'  •  0532 

♦PULSE  WIDTHS 

i  ,  .,0333 

EC0D 

00 

C4 

FDB 

136 

>  DOM 

!  |  -Oo34 

EOOP 

00 

d'7 

FDB 

183 

1  :0535 

ECU 

00 

CE 

FDB 

206 

>  DUM 

0536 

EUl-i 

0O 

H8 

FDB 

168 

f  -T0537 
f  *0538 
0533 

EU13 

OO 

D6 

FDB 

214 

;  DOM 

EC17 

00 

86 

FDB 

150 

EC13 

00 

DH 

FDB 

21B 

>  DOM 

0600 

EC1B 

00 

83 

FDB 

131 

,0601 

EC1D 

00 

DB 

FDB 

213 

}  DOM 

•  0602 

EC1F 

00 

6E 

FDB 

110 

> LENGTH  OF  PULSE  PERIOD  CUSECj 
;  LENGTH  OF  60  DEGREE  SEG  CUSEl 
;  SFMHX  ] 

;  SFMIN  I 


0603 
'  0634 

(  0605  EL21  03 


♦FREQUENCY  TABLE  FUR 
* 

FRG2  7  FOB  9 


2  7  HZ. 


i  NO.  -PULSE  PERIODS  IN  60  DEG  SEQ 


AMI  68U0 

FTBL 

PAGE  0012 

3 

ASM  VI.  1 

SEQ 

LUC 

OBJ 

SOURCE 

0006 

ECc-2 

82 

BE 

FDB 

68b 

j  LENGTH  OF  PULSE  PERIOD  <USE(, 

060  7 

EC24 

lb 

IE 

FDB 

6174 

*  LENGTH  OF  60  DEGREE  SEG  CUSEL 

0600 

EC2o 

05 

84 

FDB 

772 

> SFMAX 

0603 

EC«i8 

Ok* 

88 

FDB 

128 

, SFMIN 

0610 

♦FULoE  WIDTHS 

* 

** 

0611 

EC2A 

88 

C4 

FDB 

196 

i  DOM 

0612 

EC2C 

88 

B7 

FDB 

183 

0615 

EC2E 

08 

CE 

FDB 

266 

,  DOM 

0614 

EC56 

00 

H8 

FDB 

168 

©615 

EC32 

00 

Do 

FDB 

214 

,  DOM 

0616 

EC54 

00 

36 

FDB 

ISO 

061f 

EC36 

00 

Dri 

FDB 

218 

.■  DOM 

0616 

EC38 

00 

83 

FDB 

131 

0613 

EC3H 

00 

L>8 

FDB 

213 

;  DOM 

0620 

EC3C 

80 

6E 

FDB 

110 

- 

0621 

♦P REQUENCY  TABLE  FUK 

28 

HZ. 

0622 

♦ 

0625 

EC3E 

89 

FRQ28  FCB 

3 

,  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0624 

EC5F 

02 

95 

FDB 

661 

;  LENGTH  OF  PULSE  PERIOD  <USEC> 

0625 

EC41 

17 

3D 

FDB 

5949 

; LENGTH  OF  60  DEGREE  SEG  <US£“ 

0626 

EC43 

82 

E6 

FDB 

742 

; SFMAX 

0627 

EC45 

06 

86 

FDB 

128 

;  SFMIN 

0628 

♦PULSE  WIDTHS 

0629 

EC47 

06 

C4 

FDB 

196 

;  DOM 

0630 

EC49 

06 

B7 

FDB 

183 

-'1 

0631 

EC4B 

00 

CE 

FDB 

£66 

;  DOM  1 

0632 

EC4D 

60 

H8 

FDB 

168 

— J 

0633 

EC4F 

00 

Do 

FDB 

214 

DOM 

1 

0634 

EC51 

00 

96 

FDB 

150 

0635 

EC53 

00 

DA 

FDB 

218 

;  DOM 

-i 

0636 

EC55 

00 

83 

FDB 

131 

0637 

EC57 

00 

DB 

FDB 

219 

;  DOM 

* 

0638 

EC53 

00 

6E 

FDB 

110 

0639 

♦FREQUENCY  TABLE  FOR 

29 

HZ. 

0646 

♦ 

0641 

EC5B 

09 

FRQ29  FCB 

9 

,  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0642 

EC5C 

02 

7F 

FDB 

639 

i  LENGTH  OF  PULSE  PERIOD  CUSECT 

0643 

EC5E 

16 

77 

FDB 

5751 

i  LENGTH  OF  60  DEGREE  SEG  <USB 

0644 

EC60 

02 

CD 

FDB 

717 

>  SFMAX 

0645 

EC62 

00 

36 

FDB 

128 

;  SFMIN  - 

0646 

♦PULSE  WIDTHS 

0647 

EC64 

88 

C4 

FDB 

196 

,  DOM  1 

0648 

EC66 

00 

B7 

FDB 

183 

0649 

EC63 

00 

CE 

FDB 

206 

;  DOM 

0656 

EC6A 

00 

08 

FDB 

168 

6651 

EC6C 

06 

Do 

FDB 

214 

i  DOM 

0652 

EC6E 

66 

96 

FDB 

150 

6653 

EC  70 

00 

Dfl 

FDB 

218 

>  DOM 

0654 

EC72 

08 

83 

FOB 

131 

6655 

Ec74 

06 

Db 

FDB 

219 

;  DOM 

0656 

EC76 

06 

6E 

FDB 

110 

0657 

♦FREQUENCY  TABLE  FOR 

36 

HZ. 

0658 

* 

0659 

EC  78 

67 

FRQ36  FCB 

Y 

i  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0660 

EC  79 

03 

1H 

FDB 

734 

t LENGTH  OF  PULSE  PERIOD  <US0 

So 


rtf-11  ©8Q0 
]\ rtSM  VI.  1 

i  * 

SEQ  LOC  OBJ 


FTBL 


PftGE  0012 


SOURCE 


« *0661 

EC  76 

15 

B6 

FOB 

5558 

; LENGTH 

0662 

EC  70 

02 

B9 

FOB 

697 

i SFMftX 

* -0663 

EC7F 

00 

SO 

FOB 

123 

;  SFMIN 

8664 

♦PUL^E  WIOTHS 

*  *0665 

EC31 

00 

FE 

FOB 

254 

,  OOM 

,0666 

EC8S 

00 

E9 

FOB 

223 

!  ;0667 

EC85 

01 

0E 

FOB 

278 

>  OOM 

*  -0668 

EC87 

00 

CF 

FOB 

207 

0669 

EC89 

01 

17 

FOB 

279 

,  OOM 

'  J0670 

EC8B 

00 

B0 

FOB 

176 

0671 

EC80 

01 

1H 

FOB 

282 

;  OOM 

0672 

EC8F 

00 

80 

FOB 

141 

0673 

♦FREQUENCY  TfiBLE  FOR 

31 

HZ. 

0674 

♦ 

'  0675 

EC91 

07 

FRQ31  FCB 

7 

;  NO.  -PULSE  1 

0676 

EC92 

03 

00 

FOB 

768  . 

} LENGTH 

0677 

EC94 

15 

00 

FOB 

5376 

; LENGTH 

«  «0678 

EC96 

02 

fi2 

FOB 

674 

;  SFMftX 

0679 

EC98 

00 

80 

FOB 

128 

;  SFMIN 

*  "'0680 

♦PULSE  WIOTHS 

. .0681 

EC9fi 

00 

FE 

FOB 

254 

;  OOM 

*  *0682 

EC9C 

00 

E9 

FOB 

233 

.  .0683 

EC9E 

01 

8E 

FOB 

270 

>  OOM 

-0684 

ECfiO 

00 

CF 

FOB 

207 

*  *0685 

ECH2 

01 

17 

FOB 

279 

,  OOM 

0636 

ECfi4 

00 

BO 

FOB 

176 

"*0687 

ECfl6 

01 

lft 

FOB 

282 

;  DOM 

• .0688 

ECfiS 

00 

80 

FOB 

141 

0689 

♦FREQUENCY  TfiBLE  FOR 

32 

HZ. 

-  -0690 

♦ 

©691 

ECflfi 

07 

FRQ32  FCB 

7 

,  NO.  -PULSE 

* “0692 

ECfiB 

02 

E8 

FOB 

744 

;  LENGTH 

.0693 

ECflO 

14 

58 

FOB 

5208 

>  LENGTH 

I *0694 

ECflF 

02 

8C 

FOB 

652 

; SFMftX 

«  -0695 

ECB1 

00 

80 

FOB 

128 

; SFMIN 

0696 

♦PULSE  WIOTHS 

"0697 

ECB3 

00 

FE 

FOB 

254 

>  OOM 

0698 

ECB5 

00 

E9 

FOB 

233 

0699 

ECB7 

01 

0E 

FOB 

270 

;  OOM 

0700 

ECB9 

00 

CF 

FOB 

207 

!  0701 

ECBB 

01 

17 

FOB 

279 

>  OOM 

1  0702 

ECBD 

00 

BO 

FOB 

176 

0703 

ECBF 

01 

1ft 

FOB 

282 

;  OOM 

i  J0704 

ECC1 

00 

80 

FOB 

141 

1  J0705 

♦FREQUENCY  TfiBLE  FOR 

33 

HZ. 

0706 

♦ 

i — 0707 

ECC3 

07 

FRQ33  FCB 

7 

i  NO.  -PULSE 

1  J0708  ECC4 

02 

02 

FOB 

722 

;  LENGTH 

*  0709 

ECC6 

13 

BE 

FOB 

5054 

i  LENGTH 

r  0710 

ECC8 

02 

78 

FOB 

632 

i SFMftX 

r>7n 

ECCft 

00 

80 

FOB 

128 

i  SFMIN 

!  0712 

♦PULSE  WIOTHS 

0713 

ECCC 

00 

FE 

FOB 

254 

i  OOM 

f-0714 

ECCE 

00 

E9 

FOB 

233 

1  0?15 

ECD0 

01 

8E 

FOB 

270 

i  OOM 

AMI  6S@0 

FTBL 

asm  VI.  1 

SEQ 

LOC 

OBJ 

SOURCE 

0716 

ECD2 

00 

CF 

FOB 

2©7 

©717 

ECD4 

01 

1? 

FOB 

279 

;  DOM 

0718 

ECD6 

00 

B0 

FOB 

176 

0719 

EC08 

01 

1ft 

FOB 

282 

,  OOM 

@720 

ECOft 

00 

8D 

FOB 

141 

0721 

♦FREQUENCY  TftBLE  FOR 

34 

HZ. 

©722 

* 

0723 

ECDC 

07 

FRQ34  FCB 

7 

;  NO.  -PULSE  1 

0724 

ECOO 

02 

BC 

FOB 

700 

; LENGTH 

0725 

ECDF 

13 

24 

FOB 

4900 

; LENGTH 

0726 

ECE1 

02 

64 

FOB 

612 

>  SFMftX 

@727 

ECE3 

00 

80 

FOB 

128 

; SFHIN 

@728 

♦PULSE  WIDTHS 

0729 

ECE5 

00 

FE 

FOB 

254 

;  OOM 

0730 

ECE7 

00 

E9 

FOB 

233 

0731 

ECE9 

01 

0E 

FOB 

270  . 

;  OOM 

0732 

ECE8 

00 

CF 

FOB 

207 

0733 

ECED 

01 

17 

FOB 

279 

;  OOM 

0734 

ECEF 

00 

B@ 

FOB 

176 

0735 

ECF1 

01 

1ft 

-  FOB 

282 

,  OOM 

0736 

ECF3 

00 

80 

FOB 

141 

0737 

♦FREQUENCY  TftBLE  FOR 

10 

n 

N 

I 

0738 

♦ 

0739 

ECF5 

07 

FRQ35  FCB 

7 

;  NO.  -PULSE  1 

0740 

ECF6 

02 

ft8 

FOB 

680 

i  LENGTH 

0741 

ECF8 

12 

98 

FOB 

4760 

>  LENGTH 

0742 

ECFft 

02 

52 

FOB 

594 

; SFMftX 

@743 

ECFC 

00 

80 

FOB 

128 

>  SFMIN 

0744 

♦PULSE  WIOTHS 

0745 

ECFE 

00 

FE 

FOB 

254 

>  OOM 

0746 

ED00 

00 

E9 

FOB 

233 

0747 

ED02 

01 

0E 

FOB 

270 

;  OOM 

0748 

ED04 

00 

CF 

FOB 

207 

0749 

ED06 

01 

17 

FOB 

279 

;  OOM 

0750 

EDOS 

00 

B0 

FOB 

176 

0751 

ED0fl 

01 

1ft 

FOB 

282 

;  DOM 

@752 

ED0C 

00 

80 

FOB 

141 

0753 

♦FREQUENCY  TABLE  FOR 

36 

N 

I 

0754 

♦ 

0755 

E08E 

07 

FRQ36  FCB 

7 

;  NO.  -PULSE  1 

0756 

ED0F 

02 

95 

FOB 

661 

;  LENGTH 

0757 

ED11 

12 

13 

FOB 

4627 

i LENGTH 

@758 

ED13 

02 

40 

FOB 

576 

; SFMftX 

0759 

ED15 

00 

88 

FOB 

128 

; SFMIN 

0760 

♦PULSE  WIOTHS 

0761 

ED17 

00 

FE 

FOB 

254 

>  OOM 

0762 

ED19 

00 

E9 

FOB 

233 

0763 

ED1B 

01 

BE 

FOB 

270 

;  OOM 

0764 

EDIO 

00 

CF 

FOB 

207 

0765 

EDiF 

01 

17 

FOB 

279 

;  OOM 

0766 

ED21 

00 

B0 

FOB 

176 

0767 

ED23 

01 

Ifl 

FOB 

282 

>  OOM 

6768 

ED2S 

00 

80 

FOB 

141 

0769 

♦FREQUENCY  TABLE  FOR 

37 

HZ. 

0770 

♦ 

PftGE  0014 


[ 


e 

\ 

i 

SEG  f 

:use<£ 

<USEJ 


FT6L 


PAGE  0315 


AMI  6800 
ASH  VI.  1 


SEQ 

LOC 

OBJ 

SOURCE 

a  *0771 

ED27 

87 

FRQ37  FCB 

7 

0772 

ED23 

82 

84 

FDB 

644 

-.-0773 

ED2R 

11 

9C 

FDB 

4508 

0774 

ED2C 

82 

31 

FDB 

561 

*“0775 

ED2E 

00 

88 

FDB 

128 

_ 0776 

+PULSE  WIDTHS 

i  0777 

ED38 

08 

FE 

FDB 

254 

*  -0778 

ED32 

88 

E9 

FDB 

233 

0778 

ED34 

81 

OE 

FDB 

270 

’•'0780 

ED36 

80 

CF 

FDB 

287 

,  0781 

ED38 

81 

17 

FDB 

279 

0782 

ED3ft 

00 

BO 

FDB 

176 

0783 

ED3C 

01 

lfl 

FDB 

2S2 

0784 

ED3E 

00 

8D 

FDB 

141 

*  -0785 

♦FREQUENCY  TABLE  FOR 

0786 

* 

'  0787 

ED40 

07 

FRQ38  FCB 

7 

»  *0788 

ED41 

02 

73 

FDB 

627 

0788 

ED43 

11 

25 

FDB 

4389 

- “0780 

ED45 

82 

22 

FDB 

546 

0791 

ED47 

00 

80 

FDB 

128 

* “0782 

♦PULSE  WIDTHS 

.  .0793 

ED49 

00 

FE 

FDB 

254 

0794 

ED4B 

00 

E9 

FDB 

233 

*  *0795 

ED4D 

01 

OE 

FDB 

278 

0796 

ED4F 

00 

CF 

FDB 

207 

’*0797 

ED51 

01 

17 

FDB 

279 

..0798 

ED53 

00 

B0 

FDB 

176 

0799 

ED55 

01 

lfl 

FDB 

282 

--0800 

ED57 

00 

8D 

FDB 

141 

0301 

♦FREQUENCY  TABLE  FOR 

*  *0382 

* 

„ ,0803 

ED59 

07 

FRQ39  FCB 

7 

i '0804 

EDSfl 

02 

63 

FDB 

611 

• -0805 

ED5C 

10 

B5 

FDB 

4277 

08O6 

ED5E 

02 

13 

FDB 

531 

'  ’0807 

ED60 

00 

80 

FDB 

123 

!  ©80S 

♦PULSE  WIDTHS 

8809 

ED62 

00 

FE 

FDB 

254 

0810 

ED64 

00 

E9 

FDB 

233 

j  0811 

ED66 

01 

OE 

FDB 

270 

*  0812 

ED68 

00 

CF 

FDB 

207 

0313 

ED6ft 

01 

17 

FDB 

279 

l  0314 

ED6C 

00 

B0 

FDB 

176 

I  0815 

ED6E 

01 

lfl 

FDB 

232 

8816 

ED70 

00 

8D 

FDB 

141 

r~j0817 

♦FREQUENCY  TABLE  FOR 

18318 

♦ 

*0819 

ED72 

07 

FRQ40  FCB 

7 

0820 

ED73 

02 

53 

FDB 

595 

j  0821 

ED  75 

10 

45 

FDB 

4165 

<  10322 

ED77 

02 

05 

FDB 

517 

8823 

ED79 

00 

80 

FDB 

128 

fl0824 

♦PULSE  WIDTHS 

(  0825 

ED  78 

00 

FE 

FDB 

254 

;N0.  -PULSE  PERIODS  IN  60  DEO  SEO 
> LENGTH  OF  PULSE  PERIOD  CUSEO 
;  LENGTH  OF  60  DEGREE  SEG  CUSEC 
;  SFMRX 
; SFMIN 

;  DOM 
>  DOM 
j  DOM 
i  DOM 


;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

;  LENGTH  OF  PULSE  PERIOD  CUSEO  ; 
i  LENGTH  OF  60  DEGREE  SEG  CUSEO 
;  SFMftX 
;  SFMIN 

;  DOM 
;  DOM 
i  DOM 
;  DOM 

39  HZ. 

}  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
; LENGTH  OF  PULSE  PERIOD  CUSEO 
;  LENGTH  OF  6©  DEGREE  SEG  CUSEO 
;  SFMftX 
;  SFMIN 

i  DOM 
i  DOM 
;  DOM 
;  DOM 

4©  HZ. 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 
i  LENGTH  OF  PULSE  PERIOD  CUSEO 
;  LENGTH  OF  68  DEGREE  SEG  CUSEC 
;  SFMftX 
i  SFMIN 

i  DOM 


S) 


AMI  6806 

FTBL 

PAGE  3016 

ASM  VI.  1 

SEQ 

LOG 

OBJ 

SOURCE 

6826 

ED7D 

00 

E9 

FOB 

233 

082? 

ED7F 

01 

0E 

FOB 

276 

;  OOM 

0828 

ED81 

00 

CF 

FOB 

287 

6829 

ED33 

01 

17 

FOB 

279 

;  DOM 

0330 

ED85 

00 

B0 

FOB 

176 

' 

0831 

ED87 

01 

1A 

FOB 

282 

;  OOM 

0832 

ED89 

00 

80 

FOB 

141 

0833 

★FREQUENCY  TABLE  FOR 

41 

H2. 

0834 

* 

0835 

ED8B 

67 

FRQ41  FCB 

7 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0836 

ED8C 

02 

45 

FOB 

581 

;  LENGTH 

OF  PULSE  PERIOD  (USE! 

083? 

ED8E 

0F 

E3 

FOB 

406? 

; LENGTH 

OF  60  DEGREE  SEG  (USEC 

0838 

ED90 

01 

F8 

FOB 

504 

; SFMAX 

0839 

ED92 

00 

88 

FOB 

128 

j  SFMIN 

0840 

★PULSE  WIOTHS 

0841 

ED94 

00 

FE 

FOB 

254  . 

;  OOM 

0842 

ED96 

00 

E9 

FOB 

233 

0843 

ED98 

01 

0E 

FOB 

270 

;  OOM 

0344 

ED9A 

00 

CF 

FOB 

207 

0845 

ED9C 

01 

17 

FOB 

279 

;  OOM 

0846 

ED9E 

00 

B0 

FOB 

176 

084? 

EDA0 

01 

1A 

FOB 

282 

;  OOM 

0848 

EDA2 

00 

8D 

FOB 

141 

-  . 

0849 

★FREQUENCY  TABLE  FOR 

42 

HZ. 

0856 

★ 

0851 

EDA4 

05 

FRQ42  FCB 

5 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0852 

EDA5 

03 

1A 

FOB 

794 

;  LENGTH 

OF  PULSE  PERIOD  CUSEt 

0853 

EDA? 

0F 

82 

FOB 

3970 

;  LENGTH 

OF  60  DEGREE  SEG  (USE 

0854 

EDA9 

01 

F2 

FDB 

498 

; SFMAX 

0855 

EDAB 

00 

86 

FOB 

123 

; SFMIN 

0856 

★PULSE  WIOTHS 

085? 

EDAD 

01 

69 

FOB 

361 

;  OOM 

0358 

EDAF 

01 

3F 

FOB 

319 

0859 

EDB1 

01 

82 

FOB 

336 

i  OOM 

8860 

EDB3 

01 

08 

FOB 

264 

0861 

EDB5 

01 

8B 

FOB 

395 

i  OOM 

0362 

EDB7 

00 

C5 

FOB 

197 

0863 

★FREQUENCY  TABLE  FOR 

43 

HZ. 

0864 

★ 

0865 

EDB9 

05 

FRQ43  FCB 

5 

j  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0866 

EDBA 

03 

07 

FOB 

775 

; LENGTH 

OF  PULSE  PERIOD  (USEC 

036? 

EDBC 

0F 

23 

FDB 

3875 

; LENGTH 

OF  60  DEGREE  SEG  <USEc.> 

0868 

EDBE 

01 

E5 

FDB 

485 

; SFMAX 

0869 

EDC0 

00 

86 

FDB 

128 

;  SFMIN 

08?0 

★PULSE  WIOTHS 

* 

0871 

EDC2 

01 

69 

FOB 

361 

i  DOM 

0872 

EDC4 

01 

3F 

FDB 

319 

0873 

EDC6 

01 

82 

FOB 

386 

i  OOM 

0874 

EDC8 

01 

08 

FOB 

264 

0875 

EDCA 

01 

8B 

FDB 

395 

i  OOM 

0876 

EDCC 

00 

C5 

FOB 

197 

ll 

0877 

★FREQUENCY  TABLE  FOR 

44 

HZ. 

*  * 

0878 

★ 

©879 

EDCE 

05 

FRQ44  FCB 

5 

i  NO.  -PULSE  PERIODS  IN  60  DEG  SEG  P! 

0880 

EDCF 

02 

F6 

FOB 

758 

; LENGTH 

OF  PULSE  PERIOD  (USED.  } 

n 


SAr 


FTBL 
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.  AMI  6800 
ASM  Vi.  1 


SEQ  LOC  OBJ 


SOURCE 


,  i088i 

EDDi 

OE 

CE 

FDB 

3790 

>  LENGTH 

8882 

EDD3 

01 

DA 

FDB 

474 

; SFMAX 

- -0883 

EDD5 

00 

80 

FDB 

128 

>  SFMIN 

0884 

♦PULSE  WIDTHS 

*  *0385 

EDD7 

01 

69 

FDB 

361 

;  DOM 

.  .0388 

EDD9 

01 

3F 

FDB 

319 

0887 

EDDB 

01 

82 

FDB 

386 

j  DOM 

•  -8888 

EDDD 

01 

88 

FDB 

264 

8888 

EDDF 

01 

SB 

FDB 

395 

;  DOM 

0898 

EDE1 

00 

C5 

FDB 

197 

0891 

♦FREQUENCY  TABLE  FOR 

45 

HZ. 

8892 

♦ 

0893 

EDE3 

05 

FRQ45  FCB 

5 

;  NO.  -PULSE  1 

8894 

EDE4 

02 

E5 

FDB 

741 

; LENGTH 

0895 

EDE6 

0E 

79 

FDB 

3785 

;  LENGTH 

0896 

EDE8 

01 

CF 

FDB 

463  . 

i SFMAX 

0897 

EDEA 

00 

80 

FDB 

128 

i  SFMIN 

.  .0898 

♦PULSE  WIDTHS 

8899 

EDEC 

01 

69 

FDB 

361 

DOM 

0900 

EDEE 

01 

3F 

-  FDB 

319 

0901 

EDF0 

01 

32 

FDB 

336 

;  DOM 

0902 

EDF2 

01 

08 

FDB 

264 

0903 

EDF4 

01 

8B 

FDB 

395 

>  DOM 

8904 

EDF6 

00 

C5 

FDB 

197 

0985 

♦FREQUENCY  TABLE  FOR 

46 

HZ. 

0986 

♦ 

0907 

EDF8 

05 

FRQ46  FCB 

5 

i  NO.  -PULSE  1 

.  .0908 

EDF9 

02 

D5 

FDB 

725 

; LENGTH 

@909 

EDFB 

0E 

29 

FDB 

3625 

; LENGTH 

-  -0910 

EDFD 

01 

C5 

FDB 

453 

; SFMAX 

0911 

EDFF 

00 

80 

FDB 

128 

; SFMIN 

'  '0912 

♦PULSE  WIDTHS 

0913 

EE01 

01 

69 

FDB 

361 

;  DOM 

0914 

EE03 

01 

3F 

FDB 

319 

:  -0915 

EE05 

01 

82 

FDB 

386 

;  DOM 

0916 

EE07 

01 

88 

FDB 

264 

0917 

EE09 

01 

8B 

FDB 

395 

;  DOM 

0918 

EE0B 

00 

C5 

FDB 

197 

0919 

♦FREQUENCY  TABLE  FOR 

47 

HZ. 

0920 

♦ 

0921 

EE0D 

05 

FRQ47  FCB 

5 

>  NO.  -PULSE  1 

0922 

EE0E 

02 

C5 

FDB 

709 

>  LENGTH 

0923 

EE18 

0D 

D9 

FDB 

3545 

i LENGTH 

C  )0924 

EE12 

01 

BB 

FDB 

443 

> SFMAX 

'  0925 

EE14 

00 

80 

FDB 

128 

;  SFMIN 

0926 

♦PULSE  WIDTHS 

i  0927 

EE16 

01 

69 

FDB 

361 

;  DOM 

)  0928 

EE18 

01 

3F 

FDB 

319 

■  0929 

EE1A 

01 

82 

FDB 

386 

,  DOM 

„  .0930 

EE1C 

01 

08 

FDB 

264 

,  0931 

EE1E 

01 

8B 

FDB 

395 

j  DOM 

0932 

EE28 

00 

C5 

FDB 

197 

0933 

♦FREQUENCY  TABLE  FOR 

48 

HZ. 

0934 

♦ 

3935 

EE22 

05 

FRQ48  FCB 

5 

>  NO.  -PULSE  1 

S5 


Alii  6800 
ASM  VI.  1 


SOURCE 


PAGE  0018 


SEQ  LOC  OBJ 


0836 

EE23 

02 

B6 

FOB 

694 

} LENGTH 

OF  PULSE  PERIOD  CUSEC 

0937 

EE25 

0D 

8E 

FDB 

3470 

; LENGTH 

OF  60  DEGREE  SEG  CUSEC 

0938 

EE27 

01 

B1 

FOB 

433 

;  SFMAX 

0939 

EE29 

00 

80 

FDB 

128 

; SFMIN 

i 

0940 

♦PULSE  WIDTHS 

0941 

EE28 

01 

69 

FDB 

361 

;  DOM 

0942 

EE2D 

01 

3F 

FDB 

219 

0943 

EE2F 

01 

82 

FDB 

386 

;  DOM 

0944 

EE31 

01 

08 

FDB 

264 

0945 

EE33 

01 

8B 

FDB 

295 

;  DOM 

0946 

EE35 

00 

C5 

FDB 

197 

0947 

♦FREQUENCY  TABLE  FOR 

49 

HZ. 

0948 

* 

0949 

EE27 

05 

FRQ49  FCB 

5 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

0950 

EE38 

82 

A8 

FDB 

680 

; LENGTH 

OF  PULSE  PERIOD  CUSECj' 

0951 

EE3A 

0D 

48 

FDB 

3400 

;  LENGTH 

OF  60  DEGREE  SEG  CUSEC? 

0952 

EE3C 

01 

A8 

FDB 

424 

; SFMAX 

f 

0953 

EE3E 

80 

30 

FDB 

128 

} SFMIN 

! 

•  i 

0954 

♦PULSE  WIDTHS 

0955 

EE40 

01 

69 

FDB 

261 

;  DOM 

0956 

EE42 

01 

3F 

FDB 

219 

,  i 

0957 

EE44 

01 

82 

FDB 

336 

;  DOM 

0958 

EE46 

01 

03 

FDB 

264 

0959 

EE4S 

01 

3B 

FDB 

295 

;  DOM 

1 

0960 

EE4A 

00 

C5 

FDB 

197 

•  * 

0961 

♦FREQUENCY  TABLE  FOR 

50 

HZ. 

0962 

* 

*1 

0963 

EE4C 

05 

FRQ50  FCB 

5 

> NO.  -PULSE  PERIODS  IN  60  DEG  SEG  -  I 

0964 

EE4D 

02 

9B 

FDB 

667 

;  LENGTH 

OF  PULSE  PERIOD  CUSEC > 

0965 

EE4F 

0D 

07 

FDB 

3225 

; LENGTH 

OF  60  DEGREE  SEG  CUSE^-f 

0966 

EE51 

01 

9F 

FDB 

415 

; SFMAX 

I 

0967 

EE53 

00 

80 

FDB 

128 

; SFMIN 

0968 

♦PULSE  WIDTHS 

0969 

EE55 

01 

69 

FDB 

361 

;  DOM 

I 

0970 

EE57 

01 

2F 

FDB 

319 

»  I 

0971 

EE59 

01 

82 

FDB 

386 

,  DOM 

0972 

EE5B 

01 

08 

FDB 

264 

1 

0973 

EE5D 

01 

8B 

FDB 

395 

;  DOM 

1 

0974 

EE5F 

00 

C5 

FDB 

197 

0975 

♦FREQUENCY  TABLE  FOR 

51 

HZ. 

0976 

* 

1 

0977 

EE61 

05 

FRQ51  FCB 

5 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG  Ji 

0978 

EE62 

02 

8E 

FDB 

654 

i LENGTH 

OF  PULSE  PERIOD  CUSEC > 

0979 

EE64 

0C 

C6 

FDB 

2270 

; LENGTH 

OF  60  DEGREE  SEG  CUSE 

0980 

EE66 

01 

97 

FDB 

407 

; SFMAX 

i 

0981 

EE68 

00 

80 

FDB 

128 

; SFMIN 

0982 

♦PULSE  WIDTHS 

— 

0983 

EE6A 

01 

69 

FDB 

361 

;  DOM 

( 

0984 

EE6C 

01 

3F 

FDB 

319 

•  n 

0985 

EE6E 

01 

82 

FDB 

286 

;  DOM 

0986 

EE70 

01 

08 

FDB 

264 

0987 

EE72 

01 

8B 

FDB 

395 

;  DOM 

*  « 

0988 

EE74 

00 

C5 

FDB 

197 

0989 

♦FREQUENCY  TABLE  FOR 

52 

HZ. 

FTBL 


PAGE  @019 


^.AMI  6800 
i  ,  ASM  VI.  1 

•  m 

SEQ  LOG  OBJ 


SOURCE 


r  .  *0991 

EE76 

05 

FRQ52  FCB 

5 

;  NO. 

L  0992 

EE77 

02 

81 

FDB 

641 

- -0993 

EE79 

0C 

85 

FDB 

3205 

J  ,  0994 

EE7B 

01 

8F 

FDB 

333 

;  0995 

EE7D 

00 

80 

FDB 

128 

_  .0996 

♦PULSE  WIDTHS 

i  0997 

EE7F 

01 

69 

FDB 

361 

;  DOM 

-  -0998 

EE81 

01 

3F 

FDB 

313 

'  0999 

EES3 

01 

82 

FDB 

386 

;  DOM 

1000 

EE85 

01 

08 

FDB 

264 

■  1001 

EE87 

01 

88 

FDB 

395 

;  DOM 

s  1002 

EE89 

00 

C5 

FDB 

137 

;  |  1003 

♦FREQUENCY  TABLE  FOR 

53  HZ. 

f  1004 

♦ 

!  *1005 

EE8B 

05 

FRQ53  FCB 

5 

;  NO. 

.  1006 

EE8C 

02 

75 

FDB 

629  . 

1007 

EE8E 

0C 

49 

FDB 

3145 

<  -1008 

EE90 

01 

87 

FDB 

331 

1003 

EE32 

00 

80 

FDB 

128 

!  - -1010 

♦PULSE  WIDTHS 

?  - .1011 

EE94 

01 

69 

FDB 

361 

;  DOM 

■PULSE  PERIODS  IN  60  DEG  SB 
LENGTH  OF  PULSE  PERIOD  <US 
LENGTH  OF  60  DEGREE  SEG  <U 
SFMAX 
SFMIN 


-PULSE  PERIODS  IN  6©  DEG  SEG 
LENGTH  OF  PULSE  PERIOD  tUSE 
LENGTH  OF  60  DEGREE  SEG  CU 
SFMAX 
SFMIN 


1012  EE96  01  3F 
--1013  EE3S  01  82 
1014  EE9A  01  08 
' *1015  EE9C  01  SB 
1016  EE9E  00  C5 
'“1017 
-•1018 


;  DOM 


;  DOM 


♦FREQUENCY  TABLE  FOR  54  H2. 
♦ 


1019 

EEA0 

05 

FRQ54  FCB 

5 

;  NO. 

--1020 

EEA1 

02 

69 

FDB 

617 

1021 

EEA3 

0C 

0D 

FDB 

3085 

’ *1022 

EEA5 

01 

7F 

FDB 

383 

..1023 

EEA7 

00 

80 

FDB 

128 

1024 

♦PULSE  WIDTHS 

* -1025 

EEA3 

01 

69 

FDB 

361 

i  DOM 

1026 

EEAB 

01 

3F 

FDB 

319 

*  *1027 

EEAD 

01 

82 

FDB 

386 

>  DOM 

1828 

EEAF 

01 

08 

FDB 

264 

1029 

EEB1 

01 

8B 

FDB 

335 

;  DOM 

1030 

EEB3 

00 

C5 

FDB 

197 

1031 

♦FREQUENCY  TABLE  FOR 

55  HZ. 

1032 

♦ 

1033 

EEB5 

05 

FRQ55  FCB 

5 

i  NO. 

1034 

EEB6 

02 

5E 

FDB 

606 

.1035 

EEB8 

0B 

D6 

FDB 

3030 

1036 

EEBA 

01 

78 

FDB 

376 

■  1037 

EEBC 

00 

80 

FDB 

128 

1  1038 

♦PULSE  WIDTHS 

'  1033 

EEBE 

01 

69 

FDB 

361 

;  DOM 

_ _ 1040 

EEC0 

01 

3F 

FDB 

319 

i  1041  EEC2 

01 

82 

FDB 

386 

;  DOM 

1  1042 

EEC4 

01 

08 

FDB 

264 

1043 

EEC6 

01 

SB 

FDB 

395 

i  DOM 

1044 

EEC8 

00 

C5 

FOB 

197 

■PULSE  PERIODS  IN  60  DEG  SEG 
LENGTH  OF  PULSE  PERIOD  CUSB 
LENGTH  OF  60  DEGREE  SEG  <U 
SFMAX 
SFMIN 


-PULSE  PERIODS  IN  60  DEG  SEG 
LENGTH  OF  PULSE  PERIOD  <USE 
LENGTH  OF  60  DEGREE  SEG  < 
SFMAX 
SFMIN 


1045 


♦FREQUENCY  TABLE  FOR  56  HZ. 


5** 


AMI  6300 
ASM  VI.  1 


FTBL 


PAGE  0020 


SEG 

LGC 

OBJ 

SOURCE 

1046 

* 

1047 

EECA 

03 

FRQ56  FOB 

3 

;  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

1048 

EECB 

03 

E8 

FDB 

992 

;  LENGTH  OF  PULSE  PERIOD  (USEC  • 

1049 

EECD 

0B 

A0 

FDB 

2976 

;  LENGTH  OF  60  DEGREE  SEG  (USE 

1050 

EECF 

01 

79 

FDB 

377 

j  SFMAX 

1051 

EED1 

00 

80 

FDB 

128 

; SFMIN 

1052 

♦PULSE  WIDTHS 

1052 

EED3 

02 

69 

FDB 

617 

,  DOM 

1054 

EED5 

01 

F7 

FDB 

502 

1055 

EED7 

02 

90 

FDB 

656 

,  DOM 

1056 

EED9 

01 

48 

FDB 

328 

1057 

♦FREQUENCY  TABLE  FOR 

f'- 

in 

HZ. 

1058 

1059 

EEDB 

03 

FRQ57  FCB 

3 

; NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

1060 

EEDC 

03 

CF 

FDB 

975 

;  LENGTH  OF  PULSE  PERIOD  (USEO 

1061 

EEDE 

OB 

6D 

FDB 

2925 

>  LENGTH  OF  60  DEGREE  SEG  (USEO 

1062 

EEE0 

01 

72 

FDB 

37<j 

;  SFMAX 

1063 

EEE2 

00 

80 

FDB 

128 

>  SFMIN 

1064 

♦PULSE  WIDTHS 

1065 

EEE4 

02 

69 

FDB 

617 

,  DOM 

1066 

EEE6 

01 

F7 

FDB 

502 

1067 

EEE8 

02 

90 

FDB 

656 

;  DOM 

1068 

EEEA 

01 

48 

FDB 

328 

1069 

♦FREQUENCY  TABLE  FOR 

58 

HZ. 

1070 

★ 

1071 

EEEC 

03 

FRQ58  FCB 

3 

>  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

1072 

EEED 

03 

BE 

FDB 

958 

;  LENGTH  OF  PULSE  PERIOD  (USEO 

1073 

EEEF 

0B 

3A 

FDB 

2874 

;  LENGTH  OF  60  DEGREE  SEG  (USE 

1074 

EEF1 

01 

6C 

FDB 

364 

,  SFMAX 

1075 

EEF3 

00 

80 

FDB 

128 

; SFMIN 

1076 

♦PULSE  WIDTHS 

1077 

EEF5 

02 

69 

FDB 

617 

>  DOM 

1078 

EEF7 

01 

F7 

FDB 

503 

1079 

EEF9 

02 

90 

FDB 

656 

;  DOM 

1080 

EEFB 

01 

48 

FDB 

328 

1881 

♦FREQUENCY  TABLE  FOR 

59 

HZ. 

1082 

* 

1083 

EEFD 

03 

FRQ59  FCB 

3 

i  NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

1084 

EEFE 

02 

AE 

FDB 

942 

;  LENGTH  OF  PULSE  PERIOD  (USEO 

1085 

EF00 

0B 

0A 

FDB 

2826 

;  LENGTH  OF  60  DEGREE  SEG  (USEO 

1086 

EF02 

01 

65 

FDB 

357 

;  SFMAX 

1087 

EF04 

00 

80 

FDB 

128 

} SFMIN 

1088 

♦PULSE  WIDTHS 

1089 

EF06 

02 

69 

FDB 

617 

DOM  '  ] 

1890 

EF83 

01 

F7 

FDB 

502 

.  i 

1091 

EF0A 

02 

98 

FDB 

656 

.1  DOM 

1092 

EF0C 

01 

48 

FDB 

328 

1093 

♦FREQUENCY  TABLE  FOR 

60 

HZ.  1 

1094 

♦ 

W 

1095 

EF0E 

03 

FRQ60  FCB 

3 

> NO.  -PULSE  PERIODS  IN  60  DEG  SEG 

1096 

EF0F 

03 

9E 

FDB 

926 

; LENGTH  OF  PULSE  PERIOD  (USEC  1 

1097 

EF11 

0A 

DA 

FDB 

2778 

; LENGTH  OF  60  DEGREE  SEG  (USE*# 

1098 

EF13 

01 

5F 

FDB 

351 

;  SFMAX 

1099 

EF15 

00 

80 

FDB 

128 

;  SFMIN  ~l 

1100 

♦PULSE  WIDTHS 

1 

FTBL 
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v 


„  AMI  6800 
ASM  VI.  1 


SEQ 

LOG  OBJ  SOURCE 

.  1101 

EF17  02  69 

FDB 

617 

,  DOM 

1102 

6F19  01  F7 

FDB 

502 

1103 

EF1B  02  90 

FDB 

656 

,  DOM 

1104 

EF1D  01  48 

FDB 

228 

‘  1105 

END 

1105 

LINES  ASSEMBLED, 

LOG  =  1 

EF1F,  0000 

ERRORS  DETECTED. 

\  END  ASM  VI.  1 


AM  I  6808 
ASM  Vi.  i 


MCLS9 


PAGE  0001 


SEQ  LGC  OBJ  SOURCE 


0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012 

0013 

0014 

0015 

0016 

0017 

0018 

0019 

0020 

0021 

0022 

0023 

0024 


NAM  MCLS9 

*.  *  .•+:  *.  .■+:.■+:  :+i  :+i  Jf.  *  *:  *  sf;  *:  Jf.  *  *  *  **::+:  :+t  Hi  *:  +.  **  sfc* 

:+:  MCL  -  MAIN  CONTROL  LOOP  FOR  PULSE  WIDTH  MODULATION  * 
+  * 
if.  :ri  Jts*  !»,  *1+::+.  w  *  **  Jf:  J+i  ** Jf:  **  *  *  *  *  +•  4c  *:  'M  *  *  *■ + 

*  THIS  MODULE  CONTAINS  THE  MAIN  CONTROL  LOOP  TO 
+  PERFORM  THE  FOLLOWING  FUNCTIONS 

*■ 

*  .  INITIAL ISA l ION  AT  PWR  ON 

*  .  COMPUTATION  OF  E+ 

*  .  OVERLOAD  DETECTION  OF  FEEDBACK 

*  .  KEVBOMRO  MONITOR  FOR  MANUAL  CONTROL 

*  .  RAMP  UP/  RAMP  DOWN  IN  FREQ. 

*  .LOW  VOL  I  HOE  B+  DETECTION 
+ 

*  THIS  MODULE  IS  EXECUTED  ONLY  DURING  TIME  MPU  IS 

*  •-  WAITING  ON  AN  INTERRUPT. 

* 

■  INTERRUPTS  OCCUR  EVERY  PULSE  PERIOD  AND  VECTOR 

*  PROCESSING  TO  PTIS  <  *E80Q  > 

*  THIS  SCHEME  IS  ADOPTED  FOR  ALL  PWM  MODIFICATION 
+  EVERY  PULSE  PERIOD  BASED  ON  B+ 

* 


0025 


*  MEMORY  LOCATIONS  USED  BY  THIS  MODULE 


0826 

0027 

*  (.GLOBAL;1 

0028 

0001 

MSTOP 

EQU 

*0001 

0029 

0002 

MSTART 

EQU 

*0002 

0030 

0003 

OVRLD 

EQU 

*0003 

0031 

0004 

INHIB 

EQU 

*0004 

0032 

0044 

PIACMD 

EQU 

*0044 

0033 

0046 

FCMD 

EQU 

*0046 

0034 

004C 

FOUT 

EQU 

*O04C 

0035 

003A 

VSRAW 

EQU 

*803A 

0036 

004A 

BPRAW 

EQU 

*O04A 

0037 

0038 

FCRAW 

EQU 

*0038 

0038 

0020 

DOM  ID 

EQU 

*0020 

0039 

0022 

DPF 

EQU 

*0022 

0040 

0024 

J 

EQU 

*0024 

0041 

00C0 

F60DEG 

EQU 

*80C0 

0042 

* 

0043 

00C8 

FT I NCR 

EQU 

*00C8 

0044 

0051 

MONFG 

EQU 

*0051 

0045 

00C5 

NPPCT 

EQU 

*00C5 

0046 

00E6 

NORFG 

EQU 

*0OE6 

0047 

00E7 

VSFLG 

EQU 

*0OE7 

©048 

£000 

PTIS 

EQU 

*E000 

0049 

00C1 

FTPNW 

EQU 

*080 

0050 

0006 

0VLD1 

EQU 

*0006 

0051 

00E8 

INDEX 

EQU 

*E8 

0052 

00C3 

FTPTR 

EQU 

*00C3 

8053 

6000 

AC  I  AC 

EQU 

*6880 

i  UNIT  STOPPED  INDIC.  d=STOPPED> 

.;  START  UNIT  CMND  <1=  TRY  TO  START, 
,  OVERLOAD  FLAGd=  OVERLOAD  EXISTS! 
.;  RESTART  INHIBIT  FLAGd=  INHIBIT)' 
;PIH  CMC'  < KEEPS  FF  PR/CLR :  SC-PB2> 

;  COMMANDED  OUTPUT  FREQUENCY 
;  PRESENT  OUTPUT  FREQUENCY 
i  V*  INPUT  FROM  FROM  MPU  e  ) 

j  B+  FROM  A/D  *] 

j  SPEED  CMD  FROM  A/D  NOT  DETECTED 
;  DOMINANT'  S  ID  <0=A,  1=6,  2=0 
DOMINANT' S  POLARITY  <  0=+,  FF=-) 
i  FLAG/WAV  TO  USE  COMPL. 

;  START  60  DEG  SEG  FLAGd=START> 
=1ST  0DD/2ND  EVEN,  -=1ST  EVEN/2ND  ODD) 
i  FREQ  TAB  POSN.  (+4=1ST  HALF, -4=2* 

;  MON  CONNECTED  FLAG  d=CONN,  0=N< 
j  NO.  OF  P.  P.  S  LEFT  IN  SEGMENT 
;  NORM  OPER.  FLAG  <0=USE  NORM,  l=Kt 
i  V*  FLAG  <0=USE  MPB,  1=FR0M  KBD> 
i  TIMER  INTERRUPT  SERVICE  ROUTINE 
;  NEW  FREQUENCY  TABLE  POINTER 
r  OVRLD  COND  FLAGd=OVLD,  10Ji<OL<l 
> FREQ  TABLE  INDEX  MS  OF  ADDRESS 
> FREQ  TAB  POINTER-PRESENT  POSITH 
t AC I A  CONTROL  REGISTER 


«  • 


MCLS3 
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AMI  6S00 
.  -  ASM  VI.  1 

**SEG  LOG  OBJ  SOURCE 


0055 

0003  DIRCMD 

EQU 

4-0003 

a  *0056 

0010  D I ROUT 

EQU 

40010 

0057 

*■ 

- -0058 

*■  <  LOCALS  > 

0059 

0060 

0050  BPFLG 

EQU 

40050 

0061 

0048  VSTAR 

EQU 

40048 

0062 

00EA  ESOC 

EQU 

400EA 

•  0062 

0O05  K 

EQU 

405 

0064 

O0F0  AVE 

EQU 

400F0 

0065 

0001  ESMM 

EQU 

401 

,  . 0066 

0000  ESML 

EQU 

400 

0067 

0000  ES1MM 

EQU 

400 

-  '0068 

0030  ES1ML 

EQU 

480 

0069 

002C  ESTAR 

EQU 

4082C 

’ *0070 

00F0  YN 

EQU 

AVE 

.  .0071 

00CA  FTPNT 

EQU 

400CA 

0072 

0040  ESRT 

EQU 

40040 

* *0072 

00F0  OVCMP 

EQU 

400F0 

0074 

00D8  VPADDR 

EQU 

400D8 

‘0075 

00DB  VSREF 

EQU 

400DB 

.0076 

00EF  OUTCTL 

EQU 

4EF 

0077 

000D  OUTCTM 

EQU 

40D 

- -0078 

005A  SHTDN 

EQU 

4005A 

0879 

* 

’003© 

* 

0031 

*  <  I  /O 

addresses;- 

* ‘0082 

* 

-  -0082 

5000  PIA 

EQU 

45000 

0084 

4000  PTM1 

EQU 

44000 

- -0085 

2000  PTM2 

EQU 

42000 

0086 

2007  WLATCH 

EQU 

42007 

0087 

6000  AC I AS 

EQU 

46080 

-0088 

6001  AC I AD 

EQU 

46001 

0039 

* 

0030 

♦ 

0091 

* 

0092 


/  CCW  DIR  CMD  FLO  <1=CCW> 
;CCW  DIR  OUT  FLO  <1=CCW> 


;  B+  FLRG  <0=B+<80/  i=B+>89> 
i  VSTAR  CONTROLLED  BV  KEYBOARD 
;  RDDRESS  OF  E*  OVERLOAD  CALC  VALUE 
;K=22;  FILTER  CONSTANT/  FC=XXX  H2 
i  ADDRESS  LOC  FOR  FILTER  YN 
;  E*  MAX  MS  VALUE  <135> 

; E*  MAX  LS 

j  E+  LOWER  MAX  MS  <65> 
i  E*  "  "  LS 

;  E*  VALUE  -  NOW 
iE*  AVE  PREVIOUS  CALCULATION 
;  TEMP  LOC  FOR  NEW  POINTER  ADDR 
; E*  TEMP  LOC  FOR  SF  <l+V*/8> 
j OVERLOAD  COMPARISON  VALUE 
;V*  PEAK  TABLE  POINTER  ADDR 
;V*  MAX  FOR  "FH 
V*  OUT  OF  CONTROL  -  LS 
; V*  OUT  OF  CONTROL  -  MS 
/ADDR  SHUT  DOWN  FLAG 


i PIA  ADDRESS 
>  PTM1  ADDRESS 
; PTM2  ADDRESS 
;  W  '  LATCH  FOR  MPB 
/ACIA  STATUS  REG 
/  ACIA  DATA  REG 


0001 


LSVMB  1 


AM  I  6300 

MCLS9 
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ASM  VI.  1 

SEQ 

LGC 

OBJ 

SOURCE 

8894 

0095 

if:  4. :f;  4;  4:  *  sfcjfc  jf:  jf;  sfc  * ;  if:  %  *  jf;  >fc  4:  4«  4c  4:  4c  *  4< 4c 4c  4:  +  ♦ 

0096 

4: 

PROGRAM  I N I T I ftL I ZftT I ON 

ROUTINE  * 

0097 

:+• 

3ft4:»tcjfc4e3tcj+c:+ott4t4;4&4c4c;fc4i)fre4c4c4c4;4(4t4‘4t4‘4:4<4<4:4c4c 

8098 

4: 

0099 

0808 

ORG  $0800 

0108 

* 

0101 

4: 

ZERO  RfiM  —  LOCS  0  THRU  $02FF 

0102 

PRESERVE  MONITOR  CONNECTED  FLAG  $0051 

0102 

* 

NORMAL  OP  FLAG  $00E6 

8104 

* 

V*  FLAG 

$00E7 

0105 

4* 

0106 

D808 

0F 

I NIT  SEI 

;  DISABLE  INTERRUPTS 

0107 

D801 

96 

51 

LOA  A  MONFG 

/  LOAD  MONITOR  CONN  FLAG 

0108 

0802 

OE 

E6 

LOX  NORFG 

;  LOAD  NORM  OP  &  V*  FLAGS 

0109 

0805 

B7 

FFEO 

STA  A  $FFED 

;  TEMP  STORE  FLAG 

0110 

0808 

FF 

FFEE 

STX  $FFEE 

;  TEMP  STORE  FLAGS 

0111 

O80B 

4F 

CLR  A 

;  SET  CLR  VALUE 

0112 

O80C 

CE 

0000 

LOX  #0 

;  LOAD  BOTTOM  ADDRESS 

0112 

O80F 

ft7 

00 

INIT1  STft  ft  00,  X 

i  CLEAR  RAM  LOC 

0114 

0811 

08 

I  NX 

;  CHANGE  ADDRESS 

0115 

0812 

8C 

02FF 

CPX  #$02FF 

i  TEST  FOR  LAST  ADDRESS  DONE 

0116 

0815 

26 

F8 

BNE  INIT1 

iSKIP  IF  MORE  ADDRESSES 

0117 

0817 

B6 

FFEO 

LOA  A  $FFED 

; BRING  FLAG  BACK 

0118 

0810 

CE 

FFEE 

LOX  #$FFEE 

;  BRING  FLAGS  BACK 

0119 

0810 

97 

51 

STft  A  MONFG 

;  RESTORE  MON  CONN  FLAG 

0120 

081F 

OF 

E6 

STX  NORFG 

;  RESTORE  NORM  OP  &  V*  FLAGS 

0121 

* 

0122 

* 

SET  THE  STACK  POINTER 

0122 

★ 

0124 

0821 

8E 

FF00 

LOS  #$FF00 

0125 

* 

0126 

* 

SET  IRQ  POINTER  TO  THE 

START  OF  THE  PULSE  TIMER 

0127 

* 

MODULE  INTERRUPT  SERVICE  ROUTINE 

0128 

* 

0129 

0824 

CE 

E000 

LOX  #PTIS 

i  GET  VALUE 

0120 

0827 

FF 

FFF8 

STX  $FFF8 

i  SET  IRQ  VECTOR 

0121 

* 

0122 

* 

INITIALIZE  THE  TIMERS 

AND  SET  THE  UNIT  STOPPED  FLAG 

0122 

* 

0124 

082ft 

BO 

OftB0 

JSR  TRESET 

;  TIMER  RESET  ROUTINE 

0125 

0320 

86 

01 

LOA  A  #1 

0126 

032F 

97 

01 

STA  A  MSTOP 

;  SET  UNIT  STOPPED  FLAG 

0127 

0128 

* 

SET  OVERLOAD  INDICATOR 

OFF<  VIA  PIft)  BV  "PMON "  ROUTINE 

0129 

* 

PI A  HAS  BEEN  SET  UP 

PA  =  ALL  INPUTS 

0140 

* 

PB  =  6  OUTPUTS  +  1  INPUT 

0141 

* 

0142 

0821 

86 

24 

LOA  A  #$24 

i  SET  OC  WORD  FORMAT 

0142 

0322 

B7 

5002 

STA  A  PIA+2 

i TURN  OL  OFF  THRU  CRB  OF  PIA 

0144 

* 

ENABLE  INTERRUPTS  AND 

ENTER  THE  MAIN  CONTROL  LOOP 

8145 

* 

0146 

0826 

0E 

CL  I 

0147 

0827 

20 

47 

BRA  MCL 

42. 


rtf-11  6800 
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SEQ  LOC  OBJ 


0149 

0150 

0151 

0152 

0152 

0154 

0155 

0156 

0157 

0158 

0159 

0160 

0161 

0162 

0162 

0164 

©165 

0166 

0167 

0168 

0168 

0170 

0171 

0172 

0172 

0174 

0175 

0176 

0177 

0178 

0179 


D380  96 
D882  27 


81 

17 


D884  BD 
D387  BD 
D88A  96 
D88C  26 


SOURCE 


MCL — MAIN  CONTROL  LOOP  FOR  THE  PWf-1  UNIT  CONTROLLER  * 


D880 


ORG 


*D380 


* 

* 

*  FIRST  TEST  IF  THE  UNIT  IS  STOPPED 

* 

MCL 


LDA  A 
BEG) 


MS  TOP 
MCL  02 


;  GET  UNIT  STOPPED  INDIC 
i  SKIP  IF  RUNNING 


* 

* 

* 

* 

* 

* 

* 

* 


UNIT  START-UP  CONTROL 


DCA0 

DCE2 

46 

05 


THE  UNIT  IS  STOPPED.  CHECK  THE  FREQUENCY  COMMAND 
TO  SEE  IF  THE  OPERATOR  WANTS  IT  STARTED. 

INPUT  A  COMMAND  FROM  KEYBOARD  OR  READ  AND  CONVERT 
SPDCMD  FROM  A/D 

> INPUT  FCMD  FROM  A/D 
;  INPUT  STORE  FCMD 

>  TEST  FOR  NON-ZERO 

>  IF  NON-ZERO,  TRY  TO  START 


JSR 
JSR 
LDA  A 
BNE 


AD  IN 
CSPDC 
FCMD 
MCL01 


* 

* 

* 

* 

* 

* 

* 


FREQUENCY  COMMAND  IS  EQUAL  TO  0.  CLEAR  THE  RESTART 
INHIBIT  FLAG  TO  ALLOW  UNIT  STARTUP.  THE  RESTART 
INHIBIT  FLAG  IS  SET  BY  THE  OVERLOAD  PROTECTION 
ROUTINE  IF  AN  OVERLOAD  CONDITION  HAS  FORCED 
UNIT  SHUTDOWN.  THE  OPERATOR  MUST  COMMAND  " OFF " < FCMD=0 > 


0180 

* 

TO 

CLEAR  THE  FLAG  AND 

0181 

0182 

D88E 

7F 

0004 

* 

CLR 

INHIB 

0182 

0184 

D891 

20 

ED 

* 

BRA 

MCL 

0185 

* 

@186 

* 

OPERATOR  HAS  COMMANDED 

0187 

* 

INHIBIT  FLAG  TO  SEE  IF 

0188 

* 

IF 

STARTUP 

IS  0.  K.  SET 

0189 

* 

8190 

D892 

96 

04 

MCL01 

LDA  A 

INHIB 

0191 

D895 

26 

E9 

BNE 

MCL 

0192 

D897 

86 

01 

LDA  A 

#1 

0192 

0194 

D899 

97 

82 

* 

STA  A 

MSTART 

0195 

* 

UNIT  IS  RUNNING 

;  CLEAR  THE  INHIBIT  FLAG 
; SKIP  BACK  TO  TRY  AGAIN 


TEST  THE  RESTART 


>  UNIT  RESTART  INHIBIT  FLAG 
> BRANCH  BACK  IF  SET 
;  ELSE,  SET  START  UNIT  FLAG 
; SET  UNIT  START  FLAG 


0196 

0197 


D89B  BD  DCE2 


* 

MCL02 


JSR 


CSPDC 


>  IN/CONVERT  FCMD,  B+,  V* 


AMI  680d 
ASM  VI.  1 
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SEQ  LOG  OBJ 


SOURCE 


0200 

0201 

0202 

0203 

0204 

0205 

0206 

0207 

0288 

0209 

0210 

0211 

0212 

0213 

0214 

0215 

0216 

0217 

8218 

8219 

8220 
8221 
8222 
0223 
0224 
8225 
0226 
0227 
0223 
0229 
@230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 


D3A1  96 
D8A3  27 


D8A5  96 
D8A7  26 


46 

12 


03 

56 


D3A9  96 
D8AB  26 


50 

0A 


★ 

* 

*. 

*  CALL  THE  OVERLOAD  PROTECTION  ROUTINE  TO  PROTECT 
+  THE  UNIT  IN  CASE  OF  OVERLOAD 

*  TESTS  V*  TO  DETERMINE  IF  OVERLOAD  EXISTS 

*  TESTS  B+  TO  DETERMINE  IF  TOO  LOW  <6+  <80  VOLTS> 


D39E  BD  DC80 


* 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

4c 


4c 

4c 

4c 


4= 

4c 


JSR 


PROTCT 


i OPERATION  PROTECT 


TEST  PROTECT  FLAGS  TO  DETERMINE  IF  FREQUENCY 
SHOULD  CHANGE 


IF  MAX  OVERLOAD  EXISTS  - 

IF  B+  <  80  V  OR  B+  >  140  V  — 
IF  OVERLOAD  CONDITION  1  - 


RAMPDOWN 

RAMPDOWN 

DON'T  CHANGE  FREQUENCY 


IF  NO  PROTECT  FLAGS  TEST  FREQUENCY 

FOUT  <  FCMD  - RAMPUP 

FOUT  >  FCMD  - RAMPDOWN 

FOUT  =  FCMD  - DON'T  CHANGE  FREQUENCY 

IF  FCMD  =  0  THEN  RAMP  DOWN  AT  THE  NORMAL  RATE 


LDA  A 
BEQ 


FCMD 

MCL03 


MAX  OVERLOAD  TEST 


LDA  A 
BNE 


OVRLD 

OLRMPD 


;  LD  FREQ  COMMAND 
>  SKIP  IF  ZERO 


;  OVERLOAD  INDICATOR 
;SKIP  FOR  OVERLOAD  RAMPDOWN 


♦TEST  TO  SEE  IF  B+  INPUT  IS  LOW  <<80  V>  OR  HIGH  0140  V> 
4c  IF  IT  IS/ WE  MUST  TURN  OFF  BEFORE  THE  POWER  SUPPLY 


4c 

4c 

4c 

4c 

4c 

4< 

4c 


CRASHES. 

LDA  A  BPFLG 
IF  SET/  RAMPDOWN 

BNE  MCL03 


LD  B+  FLAG 


/BRANCH  IF  B+<80  OR  >140V 


DETERMINE  IF  WE'RE  AT  COMMANDED  OUTPUT  FREQUENCY 
COMPARE  THE  COMMANDED  UNIT  SPEED  WITH  THE  ACTUAL 
OUTPUT  FREQUENCY  -  IF  LOW  RAMPUP 

IF  HIGH  RAMPDOWN 
IF  THERE/ DO  NOTHING 


/COMMANDED  FREQUENCY 
/SUBTRACT  OUTPUT  FREQUENCY 
/SKIP  IF  THERE < NO  F  CHANGE) 
/SKIP  IF  HIGH  <G0  DOWN  IN  F> 
/SKIP  TO  RAMP  UP 


D8AD 

96 

46 

LDA  A 

FCMD 

D8AF 

90 

4C 

SUB  A 

FOUT 

D8B1 

27 

1C 

BEQ 

TFOUT 

D8B3 

2B 

02 

BMI 

MCL03 

D8B5 

20 

11 

BRA 

MCL04 

AMI  6800  MCLS9  PAGE  8006 

-  -  ASM  VI.  1 

'  *  SEQ  LOG  OBJ  SOURCE 


0254 

♦ 

-  -  0255 

♦DECISION  MADE 

TO  GO  DOWN  IN  FREQUENCY 

0256 

♦  WE  GOT  HERE 

BECAUSE 

1.  FCMD  <  FOUT 

-  ' 0257 

* 

OR 

2.  OVERLOAD  EXISTS 

0258 

♦ 

OR 

3.  B+  <  80  VOLTS 

' '0259 

D8B7 

BD 

DB80 

MCL03  JSR 

RAMPDN 

*  RAMP  DOWN  FOUT 

026O 

D8BA 

96 

4C 

MCL3A  LDA  A 

FOUT 

* LD  OUTPUT  FREQ 

0261 

D8BC 

26 

11 

BNE 

TFOUT 

*  SKIP  IF  NOT  "0" 

0262 

♦  IF  FOUT  =0  FORCED  BV  OVERLOAD*  SET  RESTART  INHIBIT  FLAG 

0263 

♦ 

0264 

DSBE 

96 

03 

LDA  A 

OVRLD 

*  GET  FLAG 

.  0265 

D8C0 

27 

OD 

BEG 

TFOUT 

*  SKIP  IF  OVRLD  DIDN'T  CAUSE 

0266 

D3C2 

86 

01 

LDA  A 

#1 

*  SET  FLAG  VALUE 

'  0267 

D8C4 

97 

04 

STA  A 

INHIB 

*  SET  FLAG 

0268 

D3C6 

20 

07 

BRA 

TFOUT 

*  SEE  IF  FOUT=0 

' ‘0269 

♦ 

.  .0270 

♦DECISION  MADE 

TO  GO  UP 

IN  FREQUENCY 

0271 

♦  WE  GOT  HERE  BECAUSE 

1.  FCMD  >  FOUT 

*0272 

♦ 

AND 

2.  OVERLOAD  DOESN'T  EXIST 

0273 

♦ 

AND 

3.  B+  >  80  VOLTS 

'0274 

♦  MUST  VERIFY 

PARTIAL  OVERLOAD  DOESN'T  EXIST 

.0275 

♦ 

0276 

08C8 

96 

06 

MCL04  LDA  A 

0VLD1 

;  LD  FLAG 

-  -0277 

D3CA 

26 

03 

BNE 

TFOUT 

;  SKIP  IF  PARTIAL  OVERLOAD 

0278 

D8CC 

BD 

DB00 

JSR 

RAMPUP 

*  ELSE*  RAMP  UP  OUTPUT  FREQ 

* ' 0279 

♦ 

0280 

♦ 

' '0281 

♦  NEXT  STEP  AFTER  CHANGING  FOUT  IS  TO  ADJUST  THE  FREQUENCY 

- .0282 

♦  TABLE  POINTER  IF  WE ' RE 

NOT  AT  "O"  FCMD 

0283 

* 

*  *0284 

♦  TEST  THE  OUTPUT  FREQUENCY. 

8285 

♦ 

‘0286 

* 

.  0287 

D8CF 

96 

4C 

TFOUT  LDA  A 

FOUT 

*  OUTPUT  FREQUENCY 

0288 

D8D1 

27 

23 

BEG 

STUNT 

* IF=0*  STOP  THE  UNIT 

0289 

♦ 

0290 

♦  THIS  SECTION 

FINDS  &  STORES  THE  ADDRESS  OF  THE  FREQUENCY 

0291 

♦  TABLE  INDEX  CORRESPONDING  TO  THE  OUTPUT  FREQUENCY 

0292 

♦  HENCE  POINTS  TO  LOCATION  FOR  PW  PARAMETERS  CPTIS  USES) 

0293 

♦ 

0294 

D8D3 

D6 

4C 

CHPTR  LDA  B 

FOUT 

*  OUTPUT  FREQ 

0295 

D8D5 

C0 

06 

SUB  B 

#6 

*  GET  RID  OF  OFFSET 

0296 

D8D7 

2A 

02 

BPL 

AINDX 

*  SKIP  IF  >  6  H2 

.  .02 97 

D8D9 

C6 

00 

LDA  B 

#00 

*  SET  TO  MIN  F=6 

i  0298 

D8DB 

58 

AINDX  ASL  B 

*  ACCOUNT  FOR  2  BYTES/F 

0299 

D8DC 

86 

E8 

LDA  A 

# INDEX 

* LD  MS  OF  INDEX 

0300 

D8DE 

D7 

CB 

STA  B 

FTPNT+1 

*  STORE  LS  OF  ADDR 

r  0301 

O3E0 

97 

CA 

STA  A 

FTPNT 

*  STORE  MS  OF  ADDR 

i  >0302 

♦  CHANGE  ADDRESS  POINTER 

NOW  THAT  ITS-'  GENERATED 

0303 

03E2 

DE 

CA 

LDX 

FTPNT 

*  LD  NEW  POINTER 

-  0304 

D8E4 

EE 

00 

LDX 

0*  X 

*  GET  TABLE  ADDRESS 

j  (0305 

D8E6 

DF 

Cl 

STX 

FTPNW 

*  STORE  NEW  FT  POINTER 

0306 

♦ 

0307 

♦  IF  THE  START 

UNIT  FLAG 

IS  SET*  START  THE  UNIT  FLAG 

AMI  6800 
ASM  VI.  1 
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SEQ 

LOG 

OBJ 

SOURCE 

0308 

* 

0309 

D8ES 

96 

02 

LOA  A 

MSTART 

; START  UNIT  COMMANO  FLRl 

0310 

DSEfl 

27 

94 

BEQ 

MCL 

; IF  ZERO,  DON'T  START 

0311 

* 

0312 

* 

START  UNIT  LOGIC 

0313 

* 

— 

0314 

* 

0315 

D8EC 

BO 

OA20 

J  SR 

TSTART 

;  TIMER  STARTUP  ROUTINE 

0316 

03EF 

4F 

CLR  A 

0317 

D8F0 

97 

02 

STA  A 

MSTART 

> CLR  START  UNIT  FLAG 

0318 

08F2 

97 

01 

STA  A 

MSTOP 

i  CLR  UNIT  STOPPEO  INOIC 

©319 

D8F4 

20 

8A 

MCLCN 

BRA 

MCL 

0320 

* 

0321 

* 

0322 

* 

STOP  UNIT 

LOGIC 

0323 

♦ 

— 

0324 

* 

0325 

08F6 

BO 

CABO 

STUNT 

JSR 

TRESET 

; TIMER  RESET  ROUTINE 

8326 

03F9 

7E 

D0A6 

JMP 

STROUT 

iSTOP  ROUTINE 

0327 

D8FC 

01 

NOP 

0328 

OoFO 

20 

F5 

BRA 

MCLCN 

i  BRA  TO  MCL  CONNECT 

0329 

* 

0330 

♦ 

MAX  OS 

/ERLOAO 

-  RAMPDOWN 

SLOWLV 

@331 

* 

0332 

* 

IF  SHUT  OOWN 

FLAG  SET  - 

FORCE  FOUT  =  0 

0333 

Sf 

@334 

* 

0335 

D8FF 

86 

00 

OLRMPD 

LOA  A 

#$00 

0336 

0901 

27 

05 

BEQ 

0LRMP1 

;  SKIP  IF  IN  CONTRL 

0337 

0903 

7F 

004C 

CLR 

FOUT 

>  SET  FOUT=0 

0338 

0906 

20 

B2 

BRA 

MCL3A 

;  SKIP  TO  CONT  SHUT  OOWN 

0339 

0908 

BO 

0B91 

GLRMP1 

JSR 

SLWRO 

;  CALL  RAMP  OOWN  SLOWLV 

034© 

O90B 

20 

AD 

BRA 

MCL3A 

>  SKIP  TO  TEST  FREQ 
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*  SEQ 

LOC 

OBJ 

SOURCE 

*0342 

A  A  A  A  A  A 

*  4c  s+:  * 

*  A  Jfc  *  if: 

•  0343 

+ 

TSTRRT — TIMER  STRRTUP 

ROUTINE  + 

0344 

A- 

A  A  A  A  A  A 

A  A  A  A  A 

A  *  *  A  * 

-0345 

A 

0346 

* 

THIS  ROUTINE 

PERFORMS 

THE  LOGIC  NECESSRRV  TO  INITIALIZE 

034? 

* 

THE  TWO  PULSE  TIMER  MODULES  <PTM>  RND  BEGIN  THE  PWM  OUTPUT. 

0348 

* 

0348 

0358 

DR20 

* 

ORG 

*DR20 

0351 

DR20 

0F 

TSTRRT  SEI 

,  DISABLE  INTERRUPTS 

0352 

At 

.0353 

At 

SET  RLL  THREE  PTM  #1 

TIMERS  FOR  SINGLE  SHOT  MODE 

0354 

* 

RND  RPPLV  INTERNRL  RESET  <IR> 

-0355 

A 

0356 

A 

CONTROL  WORD 

:  1011001X=S INGLE-SHOT  MODE,  USE  ENRBLE  CLOCK 

'0357 

A 

OB2<HEX>>16  BIT  MODE,  RESET  ON  GRTE 

.  OR.  RESET 

.0358 

A 

INTERRUPT  DISABLED/OUTPUT 

ENABLED 

0359 

-0360 

DA21 

86 

B2 

A 

LDR  R 

#*62 

; SET  THE  CONTROL  WORD 

0361 

DA23 

B7 

4001 

STR  R 

PTM1+1 

.;  INIT  TIMER  #2 

'0362 

DA26 

B7 

4000 

STR  R 

PTM1 

;  INIT  TIMER  #3 

.0363 

DR29 

8R 

01 

ORR  R 

#1 

;SET  CTRL  WD  TO  ENB  #1 

0364 

DR2B 

B7 

4001 

STR  R 

PTM1+1 

i  ENRBLE  WRITE  TO  CR  1 

>8365 

DR2E 

B7 

4000 

STR  R 

PTM1 

>  INIT  TIMER  #1  RND  RPPLV 

IR 

0366 

A 

“036? 

A 

LORD  PTM#1  LRTCHES  WITH  MAX  VRLUE 

0368 

"0369 

DR31 

CE 

FFFF 

A 

LDX 

#*FFFF 

;  MAX  COUNT 

-0370 

DR34 

FF 

4082 

STX 

PTM1+2 

; TO  TIMER#1  LRTCHES 

0371 

DR37 

FF 

4004 

STX 

PTM1+4 

;  TO  T I MER#2  LRTCHES 

-0372 

DR3R 

FF 

4006 

STX 

PTM1+6 

>  TO  TIMER#3  LRTCHES 

i 
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SEG 

LOC 

OBJ 

SC 

0374 

* 

0375 

♦ 

0376 

♦ 

0377 

0378 

DA3D 

84 

FE 

0379 

DA3F 

B7 

4000 

0380 

DA42 

8A 

01 

0381 

DA44 

B7 

4000 

0382 

* 

0383 

* 

0384 

* 

0385 

* 

0386 

* 

0387 

* 

0388 

* 

8389 

* 

0390 

* 

©391 

* 

0392 

* 

0393 

* 

0394 

* 

0395 

* 

0396 

* 

0397 

0398 

* 

0399 

0480 

* 

0401 

* 

0402 

DA47 

5F 

0403 

DA4S 

F7 

3001 

0404 

DA4B 

C6 

92 

0405 

DA4D 

F7 

3000 

0406 

DA50 

C6 

01 

0407 

DA52 

F7 

3001 

0408 

DA55 

C6 

D3 

@409 

DA57 

F7 

3000 

0410 

★ 

0411 

* 

0412 

* 

0413 

* 

0414 

DA5A 

CE 

031A 

0415 

DA5D 

FF 

3002 

0416 

♦ 

0417 

0418 

* 

0419 

* 

042O 

DA60 

C4 

FE 

0421 

DA62 

F7 

3000 

0422 

DA65 

CA 

01 

SOURCE 


PULSE  THE  INTERNAL  RESET  BIT  TO  LOAD  THE  COUNTERS 
FROM  THE  LATCHES 


AND 

A 

#*FE 

, REMOVE  IR 

STA 

A 

PTM1 

> WRITE  IT 

TO 

PTM#1 

ORA 

A 

#1 

;  RE-APPLY 

IR 

STA 

A 

PTM1 

> WRITE  IT 

TO 

PTM#1 

INITIALIZE  PTM#2  AND  APPLY  INTERNAL  RESET  TO  PTM#2 

TIMER  #1:  CONTINUOUS  MODE,  USE  ENABLE  CLOCK,  16  BIT  MODE 
RESET  ON  GATE  .  OR.  RESET 
INTERRUPT  AND  OUTPUT  ENABLED 
CUSED  AS  INTERVAL  TIMER  FOR  PWM> 

TIMER  #2:  NOT  USED 


TIMER  #3 


CONTINUOUS  MODE,  USE  ENABLE  CLOCK,  16  BIT  MODE 
RESET  ON  GATE  .  OR.  RESET 
INTERRUPT  DISABLED,  OUTPUT  ENABLED 
CUSED  AS  BAUD  RATE  GENERATOR  FOR  ACIA> 


CONTROL  WORD  :  1101O01X  FOR  ABOVE  CONDITIONS 

OD2<HEX>> 

TIMER  #1  -  USED  AS  INTERVAL  < PULSE  PERIOD  LENGTH >  FOR  PWM 


CLR 

B 

STA 

B 

PTM2+1 

i  WRITE  CR2  TO  SELECT  CR3 

LDA 

B 

##92 

;  TIMER  #3  CONTROL 

WORD 

STA 

B 

PTM2 

; INIT  TIMER  #3 

LDA 

6 

#1 

STA 

6 

PTM2+1 

; SELECT  CR1 

LDA 

B 

##D3 

; TIMER  #1  CONTROL 

WORD 

STA 

B 

PTM2 

; INIT  T I MER#1  AND 

APPLY  IR 

LOAD  PTM  #2  TIMER  #1  LATCHES  WITH  794  MICROSECOND  COUNT 
COUNT  FOR  TPP  WITH  F=6  HZ 


LDX 

#794 

STX 

PTM2+2 

; COUNT  TO  TIMER#1  LATCHES 

THE 

INTERNAL  RESET 

< IR>  BIT  TO  LOAD  PTM#2  COUNTERS 

AND 

B 

#*FE 

; REMOVE  INTERNAL  RESET 

STA 

B 

PTM2 

;  WRITE  IT  TO  CR  1 

ORA 

B 

#1 

> RE-APPLY  IR 

STA 

B 

PTM2 

> WRITE  IT  TO  CR1 

AMI  6308 
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'  *SEQ 

LOG 

OBJ 

SOURCE 

8425 

* 

*  *  0426 

■* 

SET  UP  RAM  LOCATIONS  USED 

BV  PULSE  TIMER  INTERRUPT  SERVICE 

8427 

ROUTINE  <PTIS>  TO  START  AT  BEGINNING  OF  68  DEGREE  SEGMENT. 

'  ~ 8428 

*• 

.  .8429 

DA6A 

86 

81 

LDA  A 

#+i  ; 

SET  FLAG  VALUE 

0430 

DA6C 

97 

CO 

STA  A 

F60DEG  i 

SET  FLAG-60  DEG  BOUND 

0431 

DA6E 

97 

20 

STA  A 

DOM ID  ; 

SET  DOM  ID  =1=PHASE  B 

0432 

DA70 

97 

22 

STA  A 

DPF  ; 

SET  LAST  PULARITV=  + 

0433 

DA72 

97 

24 

STA  A 

J  ; 

SET  INDEX  TO  1ST  HALF 

0434 

DA  74 

C£ 

0004 

LDX 

#+4  ; 

SET  INC  FOR  FREQ  TAB < 1ST  HALF) 

0435 

DA77 

DF 

C8 

STX 

FTINCR  ; 

SET  IN  MEM  LOC 

0436 

DA79 

86 

A6 

LDA  A 

#*A6  ; 

SET  PR/RST  FF  CMD 

0437 

DA7B 

B7 

5082 

STA  A 

PIA+2  ; 

ENB  FF'S  TO  PRESET 

-0438 

DA7E 

97 

44 

STA  A 

PIACMD  ; 

SAVE  CMD 

0439 

SECTION  SETS 

UP  FREQUENCY 

TABLE  POINTERS 

0440 

DA80 

CE 

E380 

LDX 

#1ES80  > 

TOP  OF  TABLE <6  HZ> 

- -0441 

DA83 

DF 

Cl 

STX 

FTPNW  > 

SET  NEW  POINTER  ADDR 

0442 

DA35 

DF 

C3 

STX 

FTPTR 

SET  EXISTING  POINTER 

-0443 

DA87 

CE 

E388 

LDX 

#1E808  ; 

TOP  OF  INDEX 

0444 

DA8A 

DF 

CA 

STX 

FTPNT  > 

SET  TEMP  ADDR 

' '0445 

* 

,0446 

* 

0447 

REMOVE  THE  INTERNAL  RESETS  TO  ALLOW  BOTH  TIMERS  TO  OPERATE 

-  -  0448 

♦ 

RESTORE  THE 

INTERRUPT  FLAG  AND  RETURN 

0449 

* 

'  8450 

DA8C 

86 

B2 

LDA  A 

#*B2 

;  CTRL  WD  PTM#1  Tl 

.  . 0451 

DA3E 

C6 

D2 

LDA  B 

#*D2 

.;  CTRL  WD  PTM#2  Tl 

8452 

OA90 

B7 

4000 

STA  A 

PTM1 

r REMOVE  IR  FROM  PTM#1 

-  8453 

DA93 

F7 

3000 

STA  B 

PTM2 

;  REMOVE  IR  FROM  PTM#2 

0454 

* 

*  *  0455 

DA36 

8E 

CL  I 

i 

ENABLE  INTERRUPTS 

0456 

DA97 

39 

RTS 

i 

AND  RETURN 

AM  I  6800 
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SE  Q 

LGC 

OBJ 

SOURCE 

0453 

* 

if:  sfc  sf:  *  *  ♦ 

*  sfc  *  * 

sfi  if;  if;  if.  :f: 

0459 

♦ 

TRESET — TIMER  RESET 

ROUTINE  * 

0460 

* 

♦  ♦  *  >f-  *  * 

*  *  *  * 

*  *  *  #  * 

0461 

* 

0462 

DAB0 

ORG 

#DA60 

0463 

★ 

0464 

* 

THIS  ROUTINE 

CONTAINS  THE  LOGIC  TO  RESET  THE  TIMERS  AND 

0465 

♦ 

STOP  THE  PWM 

OUTPUT 

0466 

* 

0467 

£>A80 

OF 

TRESET  SEI 

i  DISABLE  INTERRUPTS 

0468 

* 

0469 

* 

0470 

* 

DISABLE  OUTPUT  OF  PTM#2  TIMER  #1 

0471 

* 

ALLOW  TIMER 

#3  TO  OPERATE 

0472 

0473 

DAB1 

86 

31 

LDA  A 

#1 

0474 

DAB3 

B7 

3001 

STA  A 

PTM2+1 

; SELECT  CR  1 

0475 

DA66 

36 

12 

LDA  A 

##12 

i  CODE  TO  DISABLE  OUTPUTS IRQ 

0476 

DABS 

B7 

3000 

STA  A 

PTM2 

;  STOP  TIMER  #1 

0477 

* 

0478 

* 

0479 

* 

APPLV  INTERNAL  RESET 

TO  CLEAR  PTM#1 

0430 

♦ 

0431 

DABB 

86 

B3 

LDA  A 

#*B3 

0482 

DABD 

B7 

4001 

STA  A 

PTM1+1 

i  SELECT  CR1 

0483 

DAC0 

B7 

4000 

STA  A 

PTM1 

; APPLV  INTERNAL  RESET 

0484 

* 

0485 

* 

0436 

* 

OUTPUT  FGUT= 

0  TO  '  W 

LATCH 

0487 

* 

0488 

DAC3 

4F 

CLR  A 

0439 

DAC4 

B7 

2007 

STA  A 

WLATCH 

i  OUTPUT  TO  W  LATCH 

0490 

* 

0491 

* 

RESTORE  INTERRUPT  MASK  FLAG  AND  RETURN 

0492 

♦ 

0493 

DAC7 

8E 

CL  I 

;  ENABLE  INTERRUPTS 

0494 

DAC8 

39 

RTS 

lo 
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•SEQ 

LOG 

OBJ 

SOURCE 

0496 

. .0497 

*■  RAMP 

UP  ROUTINE 

0498 

©499 

OB00 

ORG 

*0800 

0580 

* 

‘0501 

DB80 

06 

40 

RAMPUP 

LOA 

B 

FOUT+1 

;LD  FOUT  LS  BYTE 

0502 

D602 

96 

4C 

LOA 

A 

FOUT 

>  LO  MS  OF  FOUT 

0503 

DB04 

CB 

01 

AOO 

B 

#01 

> I NCR  FOUT  BY  +1<WAS  2> 

0504 

DB06 

39 

00 

AOC 

A 

#00 

> I NCR  MS 

0505 

DB08 

81 

3C 

CMP 

A 

#60 

>  TEST  FOR  FOUT>60 

0506 

DB0A 

2A 

05 

BPL 

SMOUT 

;  BRANCH  IF  FOUT>60 

0507 

DB0C 

D7 

40 

SFOUT 

STA 

B 

FOUT+1 

i STORE  NEW  LS  OF  FOUT 

0588 

DB0E 

97 

4C 

STA 

A 

FOUT 

; STORE  FOUT  MS  BYTE 

0509 

DB10 

39 

ERU 

RTS 

;  RETURN  FROM  RAMPUP 

0510 

DB11 

5F 

SMOUT 

CLR 

B 

; CLEAR  FOUT  LS  BYTE 

' '0511 

DB12 

86 

3C 

LOA 

A 

#60 

i  LO  FOUT  MS=60 

.  0512 

DB14 

28 

F6 

BRA 

SFOUT 

;  BRANCH  TO  STORE  FOUT 

0513 

* 

-0514 

* 

0515 

*  RAMP 

OOMN 

ROUTINE 

' '0516 

* 

.0517 

OB30 

ORG 

$0680 

0518 

. -0519 

0880 

06 

40 

RAMPON 

LOA 

B 

FOUT+1 

; LO  FOUT  LS  BYTE 

0520 

DB82 

96 

4C 

LOA 

A 

FOUT 

;LD  FOUT  MS 

’ *  0521 

DB84 

C0 

01 

SUB 

B 

#01 

; OECR  FOUT  LS  BY  -lCWAS 

0522 

DB86 

82 

00 

SBC 

A 

#00 

;  OECR  FOUT  MS 

* “0523 

DB88 

2A 

02 

BPL 

ERO 

i BRANCH  IF  FOUT  IS  + 

. .0524 

DB8A 

4F 

CLR 

A 

; LO  0  FOR  FOUT 

0525 

DB8B 

5F 

CLR 

B 

i  LO  LS  OF  FOUT 

- >0526 

DB8C 

07 

40 

ERD 

STA 

B 

FOUT+1 

; STORE  FOUT  LS 

0527 

DB3E 

97 

4C 

STA 

A 

FOUT 

;  STORE  0  FOR  FOUT  MS 

*0528 

0690 

39 

RTS 

i  RETURN  FROM  RAMPON 

.  .0529 

* 

0530 

*  SLOW 

RAMP 

OOWN  ROUTINE 

-  USED  ONLY  IN  OVERLOAD 

0531 

* 

0532 

DB91 

06 

4E 

SLWRO 

LOA 

B 

FOUT+2 

i  LO  LS  OF  FOUT 

0533 

DB93 

96 

40 

LOA 

A 

FOUT+1 

>  LO  MIO  BYTE  OF  FOUT 

0534 

DB95 

C0 

80 

SUB 

B 

#$80 

>  OECR  FOUT  LS 

0535 

DB97 

82 

00 

SBC 

A 

#$00 

j  OECR  MIO  BYTE 

0536 

DB99 

07 

4E 

STA 

B 

FOUT+2 

j  SAVE  LS  FOUT 

0537 

DB9B 

97 

40 

STA 

A 

FOUT+1 

;  SAVE  MIO 

0538 

DB9D 

06 

4C 

LOA 

B 

FOUT 

;LD  MS  OF  FOUT 

.  .0539 

DB9F 

C2 

00 

SBC 

B 

#$00 

}  OECR  MS  OF  FOUT 

i  0540 

DBA1 

2A 

07 

BPL 

ESRO 

;  SKIP  TO  END  SLOW  RAMP 

■  -0541 

DBA3 

5F 

CLR 

B 

/  CLR  FOUT  VALUE 

0542 

DBA4 

7F 

8040 

CLR 

FOUT+1 

> CLR  MID 

'  '0543 

DBA7 

7F 

004E 

CLR 

FOUT+2 

>  CLR  LS 

!  0544 

DBAA 

07 

4C 

ESRO 

STA 

B 

FOUT 

;  SAVE  MS  OF  FOUT 

0545 

DBAC 

39 

RTS 

;  RETURN  TO  MAIN  STREAM 

11 
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SEQ  LOG  OBJ 


SOURCE 


0547 

0548 

0549 

0550 

0551 

0552 

0553 

0554 

0555 

0556 

0557 

0558 

0559 

0560 

8561 

0562 


DC08 


+• 

* 

♦ 

+■ 

+ 

* 

* 

* 

♦ 

* 

* 

* 


>f-  4-  *•  *  4= 

PROTECTION  ROUTINE 

■T*  ^  ^  if-  ^  3^- 


* 

* 

*  sfc 

* 

ORG 


1DCO0 


THIS  SUBROUTINE  CONTROLS  FLAGS  USED  BV  THE  MAIN 
PROGRAM  CONTROL  LOOP  TO  DETERMINE  IF  CONTROLLER 
IS  OPERATING  WITHIN  DESIRED  CONSTRAINTS. 


OPERATIONAL  CONSTRAINTS  EXAMINED  BV  THI 
B+  —  INPUT  VOLTAGE 

NORMAL  OPERATION  80V  si  B+ 

LOW  VOLTAGE  B+ 


SUBROUTINE 


140V 

80V  SET  FLAG-RAMPDOWN 


0563 

*  HIGH  VOLTAGE 

B+  >  140V 

SET  FLAG-RAMPDOWN 

0564 

0565 

*  V*  —  FEEDBACK  ERROR 

FLAG  ,■ 

OL  LAMP/FOUT  CTRL 

0566 

*  V*  >  ESMM 

SET 

ON  RAMPDOWN 

0567 

*  VSREFC  V* 

<  ESMM 

RESET 

ON  FOUT=FOUT 

0568 

V*  ■■■-  VSREF 

RESET 

OFF  FOUT=FCMD 

0569 

* 

0570 

+  V*  IS  ERROR 

READ  IN  DIGITAL  INTERFACE 

0571 

+ 

0572 

DC00 

D6 

4A 

PROTCT  LDA  B 

BPRAW 

>B+  RAW  DATA 

0573 

DC02 

Cl 

50 

CMP  B 

#80 

.!  B+  -  80  V 

0574 

DC04 

23 

09 

BLS 

PVOLT 

>  SKIP  IF  TOO 

LOW 

0575 

DC06 

Cl 

B4 

CMP  B 

#164 

B+  -  140  V 

0576 

DC08 

22 

05 

BHI 

PVOLT 

; SKIP  IF  TOO 

HIGH 

0577 

DC0A 

7F 

0050 

CLR 

BPFLG 

;  CLR  B+  PROBLEM  FLAG 

0578 

DCOD 

20 

04 

BRA 

ESPRT 

;  SKIP  FOR  E* 

FILTER 

0579 

0580 

0581 

0582 

0583 

8584 

0585 


DC0F 

DC11 


86  01 
97  50 


* 

* 

* 

* 

* 

PVOLT 


B+  PROBLEM  DETECTED 

B+  IS  EITHER  LOW  OR  HIGH.  IN  EITHER  CASE 
WANT  TO  CAUSE  RAMPDOWN  BEFORE  POWER  SUPPLV 
QUITS. 


LDA  A 
STA  A 


#1 

BPFLG 


; SET  FLAG  VALUE 
i  SET  FLAG 


1 
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SEQ 

LOG 

OB-J 

SOURCE 

0587 

+ 

-  0588 

♦NEXT  STEP  IS 

V*  v OVERLORD >  PROTECTION 

0589 

0590 

*  TEST  1ST  TO 

SEE  IF  WE  RE  OUT  OF  CONTROL 

6591 

DC13 

96 

48 

ESPRT  LDR  A 

VSTRR  LD  V*  MS 

0592 

DC  15 

Dc- 

49 

LDR  B 

VSTAR+1  ;  LD  V*  LS 

0593 

DC  17 

CO 

EF 

SUB  B 

#OUTCTL  SUBT  LS  LIMIT 

0594 

DC  19 

82 

0D 

SBC  R 

#OUTCTM  ;  SUBT  MS  LIMIT 

0595 

DC1B 

20 

51 

BPL 

OTCT  i  SKIP  IF  >  LIMIT 

0598 

♦DO  COMPRR I SON 

OF  V*  TO  TRBLE  VRLUE  FOR  VSREF 

0597 

DC1D 

96 

4C 

LDR  R 

FOUT  ..  LD  OUTPUT  FREQUENCV 

0598 

DC1F 

48 

RSL  fl 

; ACCOUNT  FOR  2BVTES/F 

0599 

DC20 

C6 

E4 

LDR  B 

#1E4  ,  LD  V*  PERK  MS  RDDR 

0600 

DC22 

D7 

DB 

STR  B 

VSREF  ;  STORE  RDDR  MS 

0601 

DC24 

97 

DC 

STR  R 

VSREF+1  ,  STORE  RDDR  LS 

0602 

DC26 

DE 

DB 

L  DX 

VSREF  LD  V*  REF  RDDR 

0603 

1 

*  NOW  DO  COMPRR I SON 

0604 

DC23 

86 

0C 

LDR  R 

#10C  ;  LD  MAX  CURRENT 

0605 

DC2R 

C6 

00 

LDR  B 

#100 

0606 

DC2C 

DO 

49 

SUB  B 

VSTRR+1  VSREF  -  V*  LS 

0607 

DC2E 

92 

48 

SBC  R 

VSTRR  VSREF  -  V*  MS 

0608 

DC30 

2R 

IF 

BPL 

NOLC  ;  SKIP  IF  NO  OVR  LD 

.* 


73 
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SEQ 

LOG 

OB 

.T 

SOURCE 

0610 

* 

0611 

if 

DO  PROTECT  USING  COMPARISON  VRLUE 

0612 

* 

0613 

DC32 

D7 

Fi 

PRTCT1  STB  B 

OVCMP+1 

;  TEMP  STORE  LS  -COMPRRISON 

0614 

DC34 

97 

F0 

STR  R 

GVCMP 

TEMP  STORE  MS  -COMPARISON 

0615 

* 

TESTS  IDENTIFY  RRNGE 

OF 

V+  AVERAGE  ERROR 

0616 

* 

1ST  TEST 

-  IS  IT 

> 

ES1MM  ? 

0617 

* 

0618 

DC  36 

CB 

80 

RDD  B 

#ES1ML 

>  CMP  -  LS  LOWER  REF 

0619 

DC38 

89 

00 

RDC  R 

#ES1MM 

;  CMP  -  MS  LOWER  REF 

0620 

DC3R 

2  A 

0R 

BPL 

OLC1 

; SKIP  IF  COND  1 

0621 

* 

WE  HRVE  OVERLORD  -  BUT 

HOW  BRD 

0622 

* 

2ND  TEST 

-  IS  IT 

> 

ESMM  ? 

0623 

* 

0624 

* 

IF  FCHD=0  WITH  OVERLORD  CCOND  1  OR  2)  -  SHUTDOWN  ! 

0625 

♦ 

0626 

DC3C 

D6 

FI 

LDR  B 

OVCMP+1 

RELOAD  LS 

0627 

DC3E 

96 

F0 

LDR  R 

OVCMP 

;  RELOAD  MS 

0628 

DC40 

CB 

00 

RDD  B 

#ESML 

;  CMP  -  E*  MRX  LS 

0629 

DC42 

89 

01 

RDC  R 

#ESMM 

;  CMP  -  E*  MRX  MS 

0630 

DC44 

2B 

IE 

BN  I 

OLCM 

; SKIP  IF  MRX  OVERLORD 

0631 

OVERLORD  IS 

v'SREF  <: 

V* 

<  ESMM 

0632 

* 

TURN  ON  OVERLORD  LRMP, 

SET  OVERLORD  CONDITION  1  FLAG 

0633 

* 

DON'T  RLLOW  FREQUENCY  TO  CHRNGE  CUP  OR  DOWN> 

0634 

DC46 

86 

3C 

OLC1  LDR  A 

#$3C 

;  LD  OC  LRMP  ON  CTRL  WD 

0635 

DC4S 

B7 

5003 

STR  R 

P I R+3 

; TURN  LRMP  ON 

0636 

DC46 

97 

06 

STR  R 

OVLD1 

,SET  OVRLD  COND  1  FLAG 

0637 

DC4D 

7F 

0003 

OLC1R  CLR 

OVRLD 

; CLR  OVRLD  FREQ  CTRL 

0638 

DC50 

39 

RTS 

0639 

* 

NO  OVERLORD 

EXISTS.  CLERR  BOTH  OVERLORD  FLRGS 

0640 

* 

AND  TURN  OFF  OVERLORD 

LRMP 

0641 

* 

0642 

DC51 

96 

04 

NOLC  LDR  A 

INHIB 

i  LD  RESTART  INHIBIT 

0643 

DC53 

26 

0E 

BNE 

NOLCC 

.iSkIP  PREVENT  OLD  CLR 

0644 

DC55 

86 

34 

LDR  R 

#$34 

j  LD  OC  LRMP  CONTROL  WD 

0645 

DC57 

B7 

5003 

STR  R 

PI  R+3 

>  TURN  OL  INDICATOR  OFF 

0646 

DC5ft 

7F 

0003 

CLR 

OVRLD 

;  CLEAR  OVERLORD  FLAG 

0647 

DC5D 

7F 

0806 

CLR 

OVLD1 

;  CLR  COND  1  FLAG 

0648 

DC60 

7F 

005R 

CLR 

SHTDN 

>  CLR  SHUT  DOWN  FLAG 

0649 

DC63 

39 

NQLCC  RTS 

)  1 

.■4 

n 
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ASM  VI.  1 

SEQ  LOG  OBJ  SOURCE 

0651  *  OVERLORD  EXCEEDS  MAX.  CRUSE  RAMP  DOWN 

0652  *  SET  BOTH  OVERLORD  FLAGS  AND  TURN  ON 

0653  *  OVERLORD  LAMP 

0654  *■ 


0655 

DC64 

86 

3C 

OLCM 

LDR 

R 

#*3C 

; SET  OL  LAMP  CTRL  WD 

0656 

DC66 

B7 

5003 

STR 

R 

P I A+3 

,  TURN  ON  OL  LAMP 

0657 

DC69 

97 

03 

STR 

R 

OVRLD 

j SET  FREQ  CTRL  FLAG 

0658 

DC6B 

97 

06 

STR 

R 

OVLD1 

, SET  CONDI  FLAG 

0659 

DC6D 

39 

RTS 

0660 

*  OUT 

OF  CONTROL  <V+  > 

OUTCT  LIMITS 

0661 

DC6E 

86 

3C 

OTCT 

LDR 

R 

#$3C 

; SET  FLAG 

0e>o2 

DC  70 

97 

5R 

STR 

R 

SHTDN 

; STORE  FLAG 

0663 

DC72 

20 

F0 

BRR 

OLCM 

;  SKIP  TO  SHOW  OVRLD 

AMI  6300 
ASM  VI.  1 


MCLS9 


PAGE  0017 


SEQ 

LGC 

OBJ 

SOURCE 

0665 

* 

0666 

* 

************ 

*  *  *  *  * 

0667 

♦ 

ftDIN— A/D  CONVERTER  INPUT  ROUTINE 

0668 

* 

************ 

*  *  *  *  * 

066 S' 

* 

0678 

♦ 

THIS  SUBROUTINE  IS  USED 

ONLV  TO  STftRT  UP 

067 1 

* 

SUBROUTINES  FUNCTIONS 

ARE  : 

0672 

♦ 

0673 

♦ 

BRING  IN  B+ 

-  BPRftW 

0674 

* 

BRING  IN  V* 

-  VSRftW 

0675 

* 

BRING  IN  SPEED  CUD 

-  FCRftW 

0676 

* 

0677 

* 

THESE  UNIT  COMMftNDS  ftND 

PARAMETERS  ARE  REQUIRED 

0678 

* 

BV  "MCL"  TO  DECIDE  WHftT  TO  DO  IF  THE  MONITOR 

0679 

♦ 

IS  NOT  CONNECTED 

0688 

* 

8681 

♦ 

STftRT  CONVERT  ON  6+  -  THEN  GET  V*  MS  &  LS 

6682 

*> 

0683 

♦ 

INITIfiL  CONDITIONS  :  START  CONV  =  0 

0684 

♦ 

B+ 

ADDRESS  IS  ENABLED 

6685 

♦ 

0686 

DCAO 

ORG  $DCA0 

0637 

* 

0688 

♦ 

STftRT  ft/D  CONVERTER  -  UNIT  IS  STOPPED 

0689 

* 

MUST  SET  PTM2  TIMER  #1 

TO  RUN  GENERATING  INTERVAL 

0690 

♦ 

MODE  FOR  THIS  TIMER  MUS 

T  NOT  INTERFERE  WITH  STOPPED 

0691 

* 

CONDITION. 

0692 

* 

0693 

* 

PTM2  T1  -  MODE 

0694 

16  BIT  COUNTER*  SINGLE 

SHOT,  INTERRUPT  DISABLED 

0695 

* 

OUTPUT  ENABLED*  ALLOWED  TO  OPERATE 

0696 

* 

0697 

DCA0 

86 

01 

ftDIN  LDft  ft  #$01 

;  SET  CR2  CTRL  WD 

0698 

DCA2 

B7 

3001 

STft  ft  PTM2+1 

*  ENABLE  WR  TO  CR1 

0699 

DCfl5 

86 

A2 

LDft  ft  #$fi2 

*  SET  CR1  CTRL  WD 

0700 

DCA7 

B7 

3000 

STft  ft  PTM2 

*  WR  CRi  WD 

0701 

DCAfl 

CE 

0060 

LDX  #$8060 

*  SET  INTERVAL  TO  96US 

0702 

DCAD 

FF 

3082 

STX  PTM2+2 

j  SET  COUNT  TO  T1 

0703 

* 

CONTINUE  WHILE  ft/D  RUNS 

0704 

DCB0 

86 

77 

LDft  ft  #$77 

*  LD  CMD  TO  GET  V* 

0705 

DCB2 

B7 

5002 

STft  ft  PIft+2 

*  ENB  TO  GET  V* 

0706 

DCB5 

B6 

5000 

LDft  ft  PIfi 

;  LD  V*  MS 

0707 

DCB3 

97 

3ft 

STft  ft  VSRftW 

.;  SAVE  V*  MS 

0708 

DCBft 

86 

75 

LDft  ft  #$75 

.;  LD  CMD  TO  GET  V*  LS 

0709 

DCBC 

B7 

5002 

STft  ft  PIft+2 

*  ENB  FOR  V*  LS 

0710 

DCBF 

B6 

5000 

LDft  ft  PIft 

*  GET  V*  LS 

0711 

DCC2 

97 

3B 

STft  ft  VSRftW+1 

*  SAVE  V*  LS 

0712 

DCC4 

86 

76 

LDft  ft  #$76 

*  LD  CMD  FOR  B+ 

0713 

DCC6 

B7 

5082 

STft  ft  PIft+2 

*  ENB  B+ 

0714 

* 

SET  MUX  ADDRESS  FOR  SPEED  COMMAND 

0715 

DCC9 

C6 

72 

LDft  B  #$72 

*  MUX  ADDR  CHANGE 

0716 

DCCB 

B6 

5000 

LDft  ft  PIft 

*  LD  B+ 

0717 

DCCE 

F7 

5002 

STft  B  PIft+2 

*  ENB  SPD  CMD 

0718 

DCD1 

97 

4ft 

STft  ft  BPRflW 

*  SAVE  B+ 

AMI  6860 
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*  SEQ 

LOG 

OBJ 

SOURCE 

0713 

BRING  IN  SPEED  COMMAND 

*  0720 

DCD2 

86 

60 

LDA  A 

#160 

, SET  CMD 

0721 

DCD5 

B7 

5O02 

STA  A 

PIA+2 

;  START  CONV  ON  SPD  CMD 

0722 

DCD8 

G  6 

66 

LDA  B 

#166 

>  SET  MUX  ADDR  CHANGE 

0722 

DCDA 

B6 

5000 

LDA  A 

PIA 

;  LD  SPD  CMD 

'0724 

DCDD 

F7 

5002 

STA  B 

PIA+2 

,  ENB  B+  AT  MUX 

0725 

DCEO 

37 

28 

STA  A 

FCRAW 

;  SAVE  SPD  CMD 

0726 

ANALOG  MUX  ADDRESS  HAS 

BEEN  LEFT  AT  B+  ENABLED <PB2=1> 

0727 

♦ 

AND  START  CGNVERT=0. 

REMEMBER  THIS  SINCE  START 

0728 

* 

CONVERT  IS 

INITIATED 

BEFORE  ANV  MORE  ADDRESS  CHANGES 

0723 

* 

0720 

HAVE  ALSO  LEFT  PRXRST 

IN  NO  CHANGE  CONDITION 

0721 

DCE2 

23 

RTS 

77 
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SEQ  LOC  OBJ 


SOURCE 


0733 

0734 

0735 

0736 

0737 

0738 

0739 

0740 

0741 

0742 

0743 

0744 

0745 

0746 

0747 

0748 

0749 


♦ 

* 

♦ 

♦ 

♦ 

* 

* 

* 

* 

♦ 

♦ 

*• 

*• 

♦ 


THIS  SUBROUTINE  ESTABLISHES  FCMD  AND  E*  FOR  USE  BV 
THE  MAIN  CONTROL  LOOP.  TO  ACCOMPLISH  THIS  FUNCTION 
-  THE  FOLLOWING  PROCESSES  MUST  HAPPEN 
FCMD  -  GENERATION 

DETERMINE  IF  KEYBOARD  OR  REAL  INPUT  IS  USED 
DOING  THE  CORRECT  PROCESS  FOR  THE  SOURCE  OF 
THIS  DATA 


E*  -  GENERATION 

DETERMINE  IF  KEYBOARD 
DOING  CORRECT  PROCESS 


OR  REAL  INPUT  IS  USED 
FOR  DATA  SOURCE 


BOTH  THESE  PROCESSES  REQUIRE  MPA  TO  KNOW  IF  THE 
KEYBOARD  IS  CONNECTED. 

IT  IS  KNOW  THAT  THE  RAW  DATA  I A  STORED  AT  : 


0750 

♦ 

BPRAW  = 

B+  FROM 

A/D 

0751 

* 

FCRAW  = 

SPEED  COMMAND  FROM  A/D 

0752 

* 

VSRAW  = 

V*  FROM 

MPB 

0753 

♦ 

0754 

DCE3 

96 

51 

CSPDC 

LDA  A 

MONFG 

;  IS  MONITOR 

CONNECTED 

0755 

DCE5 

27 

46 

BEQ 

NPROC 

;  SKIP  IF  NO 

KBD  AVAILABLE 

0756 

DCE7 

20 

17 

BRA 

RAC  I A 

i  SKIP  FOR  KBD  INPUT 

0757 

0758 

0759 

0760 

0761 

0762 

0763 

0764 

0765 

0766 

0767 

0768 

0769 

0770 


* 

* 

* 

♦ 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 


SECTION  READS  KEYBOARD  TO  SEE  IF  THERE  S  ANY  NEW 
INSTRUCTIONS  FOR  THE  MANUAL  OPERATION  OF  THE  UNIT 

AVAILABLE  MANUAL  CONTROLS  ; 


,,  +  11  = 

"A"  = 
"D"  = 
"  v  "  — 
"R"  = 


ADVANCE  FREQ  CMD  <FCMD>  BV  1  HZ. 

DECREMENT  FREQ  CMD  <FCMD>  BY  1  HZ. 

INCREASE  OUTPUT  VOLTAGE <SF>  BV  <XXX>  VOLTS 
DECREASE  OUTPUT  VOLTAGE <SF>  BV  <XXX>  VOLTS 
USE  V*  FROM  MPB  TO  OPERATE  < CLOSE  LOOP> 
RAMP  DOWN  TO  O  SPEED  AND  REVERSE 
MOTOR  DIRECTION  FLAG 


0771 

* 

"R"  MODE 

CANCELED 

BV 

HITTING  "  +  "A">  Ot 

0772 

*• 

"V"  MODE 

CANCELED 

BY 

HITTING  "A"  OR  "D" 

0773 

* 

0774 

DD00 

ORG 

*DDO0 

0775 

* 

0776 

DD00 

B6 

6000 

RACIA 

LDA 

A 

AC  IAS 

; LD  ACIA  STATUS 

0777 

DD03 

47 

ASR 

A 

>  CARRV=RDRF 

0778 

DD04 

24 

ID 

BCC 

RTRA 

;  BRANCH  IF  NO  CHANGE 

0779 

DD06 

B6 

6001 

LDA 

A 

ACIAD 

) LD  CHAR 

0780 

DD09 

84 

7F 

AND 

A 

#$7F 

; STRIP  PARITY 

0781 

DD0B 

81 

52 

CMP 

A 

#"'R 

>  TEST  FOR  REVERSE 

0782 

DD0D 

27 

54 

BEQ 

NRMO 

> BRANCH  IF  REVERSE 

0783 

DD0F 

81 

2B 

CMP 

A 

#'  + 

; TEST  FOR  INCR  FREQ 

0784 

DDli 

27 

5A 

BEQ 

IFCD 

; BRANCH  TO  INCR  FREQ 

0785 

DD13 

81 

2D 

CMP 

A 

i  TEST  FOR  DECR  FREQ 

0786 

DD15 

27 

5C 

BEQ 

DFCD 

i BRANCH  TO  DECR  FREQ 

7* 
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SEQ 

LOG 

CO 

o 

; 

SOURCE 

0787 

DD17 

81 

56 

CMP 

A 

#  V 

,  TEST  FOR  CLOSED  LOOP 

0788 

DD19 

27 

62 

BEQ 

UVSTAR 

,  SKIP  TO  USE  MPB-V* 

0789 

DD1B 

31 

41 

CMP 

A 

#  A 

;  TEST  FOR  ADV  V* 

0790 

DD1D 

27 

62 

BEQ 

AVSTAR 

>  SKIP  TO  ADV  V* 

0791 

DD1F 

81 

CMP 

A 

#  D 

;  TEST  FOR  DECR  V* 

0792 

DD21 

— • 
d  i* 

71 

BEQ 

D VS TAR 

,  bK IP  TO  DECR  V* 

0792 

CHARACTER 

NOT  VALID 

OR 

NO  CHANGE  FROM  KEYBOARD 

0794 

MUST  ALWAYS 

DO  E*  CALCULATION 

0795 

* 

0796 

0D23 

96 

E6 

RTRA  LDA 

A 

NORFG 

,  LD  NORM  OP  FLAG 

0797 

DD25 

27 

06 

BEQ 

NPROC 

;  SKIP  FOR  NORM  OP 

0798 

OD27 

96 

E7 

LDA 

A 

VSFLG 

i  LD  V*  FLAG 

0799 

DD29 

27 

16 

BEQ 

VSPROC 

;  SKIP  FOR  CLOSED  LOOP  OP 

0800 

0801 

DD2B 

23 

ID 

♦ 

BRA 

ESC 

;  COMPUTE  E* 

0882 

♦ 

NORMAL  PROCESSING  - 

KEYBOARD  IS  NOT  CONNECTED 

08O2 

0804 

* 

1ST  OPERATION  -  DETERMINE  FREQUENCV  COMMAND 

0805 

* 

THIS  BRANCH  MAV  ALSO 

BE  REACHED  IF  NORMAL  MODE 

0806 

* 

"N"  IS  CHOSEN  FROM 

KEYBOARD 

0307 

* 

0808 

♦ 

0809 

♦ 

SPEED  INPUT  IS  DIGITAL  AT  PI A 

3810 

♦ 

FORMAT  I 

S 

B7  B6 

B5  B4  B2  B2  B1  B0 

0811 

* 

REV  UP 

DN  MON  X  X  X  X 

0812 

* 

0813 

* 

TOGGLE  SWITCH  INPUT 

FOR  RAMPING  UP  SPEED,  RAMPING 

DOWN 

0814 

* 

SPEED,  OR  REVERSING 

MOTOR  DIRECTION 

0815 

* 

8316 

DD2D 

96 

46 

NPROC  LDA 

A 

FCMD 

;  GET  COMMANDED  FREQ 

0817 

DD2F 

91 

4C 

CMP 

A 

FOUT 

; COMPARE  WITH  ACTUAL  FREQ 

0818 

DD31 

26 

0E 

BNE 

VSPROC 

; BRANCH  IF  NOT  AT  COMMANDED  SPD 

0819 

DD33 

D6 

38 

LDA 

B 

FCRAW 

iLD  FREQ  CMD-TOGGLE  SWITCHES 

0328 

DD35 

C5 

80 

BIT 

B 

#$80 

;  TEST  FOR  REVERSE 

0321 

DD37 

27 

2A 

BEQ 

NRMO 

i IF  BIT  7=0  REVERSE  MOTOR 

0822 

DD39 

C5 

40 

BIT 

B 

#$40 

; TEST  FOR  RAMP-UP  SPEED 

0323 

DD3B 

27 

2A 

BEQ 

IFCD1 

i IF  BIT  6=6  INCREMENT  SPD 

CMD 

3324 

DD3D 

C5 

23 

BIT 

B 

#$20 

;  TEST  FOR  RAMP-DOWN  SPEED 

0825 

DD3F 

27 

32 

BEQ 

DFCD 

> IF  BIT  5=0  RAMP-DOWN  SPEED 

AMI  6306 
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SEQ  LOC  OBJ  SOURCE 


0327 


<+• 


0323 

0329 

0336 

0831 

0332 

0333 

0334 

0335 

0836 

0837 

0338 

0839 


*  FREQ  CMC*  DONE  -  NEXT  IS  CALCULATE  E+ 

*  E*-  —  1  +  V^/B+NOM  =  1  +  V+/128 

*  V*  FORMAT  IS  TWO  BVTES  AS  : 

*  Bll  BIO  B9  BS  B7  B6  B5  B4  B3  B2  B1  BO  0  0  0  O 

*  1  .  .  5  .  25  .  125 

* 

+  WILL  BE  USED  WITH  SF  CALCULATION 

*  SF  SCALING  : 

+  B15  B14  B13  B12  Bll  B10  B3  B8  B7  B6  B5  B4  B3  B2  B1  B0 

*  X  X  X  X  S  4  2  1.  .  5  X  X  X  X  X  X  2E-5 

* 


0840  +  ORIGINALLY  V+  HAD  A  S I G I F I CANCE ( MEASURED  BY  OPERATION) 

0841  *  OF  THE  LSB  =  0.  125  VOLTS 

0842  * 

0343  *  WILL  SCALE  V*  SO  THAT  A  "l"  VOLT  CHANGE  AFFECTS  S.  F. 

0344  *  THE  SAME  AS  A  “l"  VOLT  B+  CHANGE  (MEANS  LS  2  OF  V* 

0845  *  ARE  OF  NO  IMPORTANCE  SINCE  THEY  FALL  OFF 

0846  * 


0847 

*  V*  SCALING  *■ 

- Pi - 

— 

- >+• - 0— - 

— 

- * 

0343 

+  'v'SRAW 

s 

S  S  32  16 

8 

4  2  1.  .  5  .  25  X  0 

0 

0  0 

0349 

*  E* 

C” 

S  S  S  8 

4 

2  1.  .  5.  25  X  X  ft 

X 

X  X 

0850 

0351 

*  V*/128  S32  16  8  4 

2 

1.  .  5  S  S  S  S  S 

S 

s  s 

0852 

4. 

0353 

DD41 

DE 

3A 

VSFRQC 

LOX 

VSR  AW 

;  LD  V* 

0854 

DD43 

DF 

48 

STX 

VSTAR 

;  STORE  V*  FOR  CALC 

0855 

DD45 

CE 

0200 

LDX 

#*0200 

;  V/F  MOD  5-3-83 

0356 

DD48 

28 

16 

BRA 

VOLTHZ 

0857 

DD4A 

96 

48 

ESC 

LDA  A 

VSTAR 

;  RELOAD  MS  V* 

0858 

DD4C 

D6 

49 

LDA  B 

VSTAR+1 

; RELOAD  LS  V* 

0359 

DD4E 

CE 

0003 

LDX 

#*0003 

; LD  SCALING  CNT 

O860 

DD51 

47 

SVS 

ASR  A 

>  SHIFT  MS 

0861 

DD52 

56 

ROR  B 

i SHIFT  LS 

0862 

DD53 

69 

DEX 

;  DECR  SHIFT  CNT 

0363 

DD54 

26 

FB 

BNE 

SVS 

, SKIP  IF  MORE  SCALING 

0864 

♦  V*  IS 

ORIGINAL  VALUE  INPUT  /  BY  8 

0365 

*  NOW 

DO  1  + 

V*/S 

0366 

DD56 

CB 

00 

FESTAR 

ADD  B 

#*00 

>  ADD  LS  +  0.  0 

0367 

DD58 

89 

01 

ADC  A 

#*01 

>  ADD  MS  +  1 

0368 

DD5A 

D7 

41 

STA  B 

ESRT+1 

>  SAVE  LS  E* 

0369 

DD5C 

97 

40 

STA  A 

ESRT 

i SAVE  MS  E* 

0870 

DD5E 

DE 

40 

LDX 

ESRT 

i  RELOAD  NEW  E* 

0371 

DD60 

DF 

3C 

V0LTH2 

STX 

ESTAR 

;  STORE  E*  FOR  INTRP 

PROG 

0872 

DD62 

39 

RTS 

Bo 
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'  SEQ 

L0C 

OBJ 

SOURCE 

0874 

4. 

-  0875 

♦  "  R  " 

-  REVERE 

E  DIRECTION 

KEV 

0376 

4- 

0377 

DD63 

7  S 

0009 

NRMO 

COM 

0IROM0 

> COMPLIMENT  THE  DIRECTION  FL0G 

0378 

Dl-*66 

33 

RTS 

, RETURN 

’  0873 

4- 

0338 

*  "  +  *' 

00V0NCE 

FREQ  KEV 

0331 

4- 

0332 

D067 

36 

46 

IFC01 

L00  0 

FCM0 

; TEST  FOR  MBX  FREQ 

0883 

0063 

81 

28 

CMP  0 

#$20 

; MBX  =  32  H2  FOR  NSRDC 

0384 

006B 

27 

05 

BEQ 

RETURN 

i IF  0T  MBXj  RETURN 

0385 

0060 

97 

E6 

IFC0 

ST0  0 

NORFG 

; STORE  FL0G 

0886 

006F 

70 

0046 

INC 

FCM0 

; I NCR  FCMD 

0887 

0072 

39 

RETURN 

RTS 

0388 

4: 

8889 

4.  ••  _  ii 

DECREMENT  FREQUENCY 

KEV 

.  0898 

* 

8391 

0073 

97 

E6 

0FC0 

ST0  0 

NORFG 

; STORE  FL0GE 

*0892 

0075 

96 

46 

L00  0 

FCM0 

L0  FREQ  TO  BE  OUTPUT 

0833 

0077 

27 

03 

BEQ 

EX1 

>  BR0NCH  IF  0  FREQ 

"  0894 

0079 

70 

0046 

0EO 

FOM0 

0ECR  FREQ  CM0 

„  0895 

0070 

33 

EX1 

RTS 

,i  RETURN 

0896 

+ 

-  0897 

4.  "V" 

USE  RE0L 

V*  -CLOSE 

-GOP  ON  MPB  ERROR 

0838 

4- 

'  0899 

0070 

7F 

00E7 

UVST0R 

OLR 

VSFLG 

;  CLR  V+  CLOSED  LOOP  FLG 

0908 

0080 

20 

BF 

BR0 

VSPROC 

; 00  NORM  V*  PROC 

“  0301 

4: 

-  0902 

*  "0“ 

00V0NOE 

V*  KEV 

0903 

4i 

"  0304 

0082 

97 

E7 

0VST0R 

ST0  0 

VSFLG 

SET  KB0  CTRL  OF  V4< 

.  0305 

0034 

37 

E6 

ST0  0 

NORFG 

> RESET  NORM  FL0G 

0306 

0086 

96 

48 

L00  0 

VSTBR 

;  V4:  ms 

-  8907 

0088 

06 

49 

L00  B 

VST0R+1 

,  V*  LS 

0308 

0080 

OB 

40 

000  B 

#$40 

; I NCR  LS 

0309 

0080 

89 

00 

000  0 

#$00 

;  I NCR  MS 

0910 

008E 

37 

48 

ST0  0 

VSTBR 

i  S0VE  NEW  V4<  MS 

0911 

0030 

07 

43 

ST0  B 

VST0R+1 

; S0VE  NEW  V*  LS 

0312 

0032 

20 

B6 

BR0 

ESC 

; SKIP  TO  USE  V* 

0913 

* 

0314 

*  "0" 

0EOREMENT  V*  KEV 

0315 

4! 

0316 

0034 

97 

E7 

0VST0R 

ST0  0 

VSFLG 

i SET  KBD  CTRL  OF  V* 

0317 

0096 

37 

E  6 

ST0  0 

NORFG 

; RESET  NORM  FL0G 

0318 

0098 

36 

48 

L00  0 

VSTBR 

>  V*  MS 

0319 

0090 

06 

43 

L00  B 

VST0R+1 

V*  LS 

0920 

0090 

00 

48 

SUB  B 

#$40 

i 0ECR  LS 

0321 

009E 

82 

00 

SBC  0 

#$00 

; 0ECR  MS 

0922 

0000 

97 

48 

ST0  0 

VSTBR 

>  S0VE  NEW  V*  MS 

0923 

0002 

07 

49 

ST0  B 

VST0R+1 

j  SBVE  NEW  V*  LS 

0324 

0004 

28 

04 

BR0 

ESC 

; SKIP  TO  USE  V* 

AH  I  680O 
ASM  VI.  1 


SOURCE 


MCLS3 


PAGE  0023 


SEQ  LOG  OBJ 


0326 

*• 

032 7 

*■  STOP 

ROUTINE 

0328 

0323 

DDA6 

36 

03 

* 

S TROUT 

LDA  A 

DIRCMD 

J LOAD  NEW  DIRECTION 

0330 

DDA8 

37 

10 

ST  A  A 

DIROUT 

> STORE  NEW  DIRECTION 

0331 

DDAA 

8t» 

01 

LDA  A 

#$01 

0332 

DDAC 

37 

01 

STA  A 

MSTOP 

;  SET  UNIT  STOPPED  FLAG 

0333 

DDAE 

7E 

D8F4 

JMP 

MCLCN 

;  MOTOR  CONNECT  MCL 

0334 

END 

0334  LINES  ASSEMBLED,  LOC  =  DDBi,  0000  ERRORS  DETECTED. 


8  z 


RM  I  6S0£i 
ASM  VI.  1 


*  SYMBOL 

vhlue 

RTTR 

LOCN 

MSTOP 

0001 

8*+ 

2HR2 

<•  MSTftRT 

0002 

84 

2RRB 

OVRLD 

0002 

84 

2R64 

INHIB 

0004 

84 

2hBD 

PIRCMD 

0044 

84 

2RC6 

FCMD 

0046 

8-t 

2HCF 

FOUT 

0O4C 

84 

2FiD8 

VSRRW 

002R 

84 

2RE1 

BPRfiW 

004FI 

84 

2RER 

FCRRW 

0028 

84 

2RF3 

DOM  ID 

002O 

84 

2RFC 

DPF 

O022 

84 

2B05 

J 

G024 

84 

2B0E 

F60DEG 

00C0 

34 

2617 

FT I NCR 

00C8 

84 

2B20 

' MONFG 

0051 

84 

2B29 

. . NPPCT 

O0C5 

84 

2B22 

NORFG 

O0E6 

84 

2B2B 

' VSFLG 

00E7 

84 

2B44 

PTIS 

E00O 

34 

2B4D 

‘  * FTPNW 

00C1 

84 

2B56 

. OVLDi 

0006 

84 

2B5F 

INDEX 

00E8 

84 

2B68 

■  -  FTPTR 

00C2 

84 

2B71 

RCIRC 

6000 

84 

2B7R 

' DIRCMD 

0009 

34 

2B8.S 

D I ROUT 

0010 

84 

2B3C 

BPFLG 

0050 

84 

2B95 

VSTRR 

0048 

84 

2B9E 

ESOC 

00EFI 

Sh 

2BR7 

*  -  K 

0005 

84 

2BB0 

FIVE 

00F0 

84 

2BB9 

ESMM 

0001 

34 

2BC2 

ESML 

0000 

84 

2BCB 

ES1MM 

0000 

84 

2BD4 

ES1ML 

0000 

84 

2BDD 

ESTFIR 

002C 

84 

2BE6 

YN 

00F0 

84 

2BEF 

FTPNT 

00CR 

84 

2BFS 

ESRT 

0040 

84 

2C01 

OVCMP 

00F0 

84 

2C0R 

VPRDDR 

00D8 

84 

2C12 

VSREF 

00DB 

84 

2C1C 

OUTCTL 

00EF 

84 

2C25 

OUTCTM 

000D 

84 

2C2E 

SHTDN 

005R 

84 

2C37 

PIR 

5000 

84 

2C40 

*  PTM1 

4000 

84 

2C49 

PTM2 

2000 

84 

2C52 

WLRTCH 

2007 

84 

2C5B 

RCIRS 

6000 

84 

2C64 

RCIRD 

6001 

84 

2C6D 

INIT 

DSO0 

84 

2C76 

INIT1 

D80F 

84 

2C7F 

MCLS9 

SYMBOL  TRBLE 


PAGE  0024 


AMI  6800 
ASM  VI.  1 


SYMBOL 

VALUE 

8TTR 

TRESET 

O8B0 

84 

MCL 

0880 

84 

MCL02 

089B 

34 

80  IN 

0080 

84 

CSPDC 

0CE3 

84 

MCL01 

0893 

84 

PRO TOT 

0000 

84 

MCL03 

08B7 

84 

OLRMPO 

OSFF 

84 

TFOUT 

08CF 

84 

MCL04 

0308 

84 

R8MP0N 

OB80 

84 

MCL38 

0SB8 

84 

RftMPUP 

OB00 

84 

STUNT 

08F6 

84 

CHPTR 

0803 

34 

8  INOX 

080B 

34 

TST8RT 

0820 

84 

MCLCN 

D8F4 

84 

STRGUT 

0086 

84 

0LRMP1 

0908 

84 

SLWRO 

OB  91 

34 

SMOUT 

0B11 

84 

SFOUT 

OB0C 

84 

ERU 

OB10 

84 

ERO 

0B8C 

84 

ESRO 

OBRR 

84 

PVOLT 

OC0F 

84 

ESPRT 

0013 

84 

OTCT 

DC6E 

84 

NOLC 

0C51 

84 

PRTCT1 

0C32 

84 

0LC1 

0C46 

84 

OLCM 

0C64 

84 

0LC18 

DC4D 

84 

NOLCC 

0063 

84 

NPROC 

0020 

34 

R8CI8 

0000 

84 

RTR8 

0023 

84 

NRMO 

0063 

84 

IFCO 

0060 

84 

DFCO 

0073 

84 

UVST8R 

0070 

34 

8VST8R 

0082 

34 

DVST8R 

0094 

84 

VSPROC 

0041 

84 

ESC 

0048 

84 

IFC01 

0067 

84 

VOLTHZ 

0060 

84 

SVS 

0051 

84 

FEST8R 

0056 

34 

RETURN 

0072 

34 

EX1 

00  FC 

C4 

MCLS9 

SYMBOL  TABLE 

LGCN  LINK 

2L88 

2L91 

2C9A 

2CA3 

2CAC 

2CB5 

2CBE 

2CC7 

2000 

2C09 

2CE2 

2CEB 

2CF4 

2CF0 

2006 

2D0F 

2018 

2021 

202A 

2033 

20-iC 
2045 
204E 
2057 
2060 
2069 
2072 
20 7B 
2084 
2080 
2096 
209F 
2088 
2081 
2068 
2003 
2000 
2005 
200E 
20E7 
2OF0 
20F9 
2E62 
2E0B 
2E14 
2E10 
2E26 
2E2F 
2E38 
2E41 
2E48 
2E53 
2E5C 


END  8SM  VI.  1 


nil  i  doot 

ASM  VI.  1 
SEW  LUC 


“»UUr.CE 


0001 

+  PIN 

INI  ERRUP  1  SERVIi 

0002 

NHH 

P  1  Mb* 

000_ 

;+-  •+•  -T-  -T-  -r-  :+• 

****** 

O004 

■+•  PIM- 

PULSE 

1  I MER  IN i  i 

0000 

.+•  •+•  ;T-  :r-  :+• :+;  4* :+; :+- :+-  •+•  4*  4  4- 4 :+- 

000C. 

■+•  IHiS 

MODULE  CUN  1  k'UL 

000  7 

t-  i  N  ORDER  1 

U  SYNlHEb 

OOOb 

W  H  v  E  P  O  R  M  S 

k.E  WU I  RED 

0003 

•+  CUNNEC  1  ED 

1  O  I  HE  1  Hi 

0010 

Pi  HR 

2  Es 1 HbL iSHEb  1 1 

0011 

■+•  1 N  I  ERRUP  1  S 

WHICH  Ubi 

O012 

4 

O0  IS 

4 

0014 

*  DEP  i 

NX  1  ION 

IJP  MEMUr. 

0010 

4 

O016 

*•  CLO 

L-rlL 

001  i- 

0060 

r  60DG 

Ec.'U 

$0060 

0018 

0061 

P  1  PNW 

ECU 

$0061 

OQIS 

0OCS 

P  1  P  i  R 

ECU 

$0062 

002O 

0066 

NPPMD 

ECU 

$0066 

0021 

0OD2 

BS  i  HR 

ECU 

$00D2 

0022 

00D0 

SP 

ECU 

$00DO 

O02  S 

0072 

PWDOM 

ECU 

$0072 

0024 

00  74 

PWCOM 

ECO 

$0074 

0020 

0070 

1  PP 

ECU 

$0070 

0026 

0078 

11 

ECU 

$0O  78 

002/ 

00  7 A 

f'2 

ECU 

$00  7H 

0028 

00 7C 

IS 

ECU 

$0076 

0023 

00D8 

VP  ADD 

EQIJ 

$0OD8 

0020 

4 

00  Si 

00S2 

00S0 

SP  MAX 

ECU 

$0020 

O0SS 

0OS2 

SFHIN 

EQU 

$0022 

O0S4 

■+• 

0020 

4 

0026 

■+■  C  GLOBAL  ) 

0027 

0044 

P i HCMD 

EQU 

$0044 

0OS8 

0020 

DOM  ID 

EQU 

$0020 

0028 

0022 

DPF 

EQU 

$0022 

0040 

0024 

J 

EQU 

$0024 

0041 

0068 

FI  1  NCR. 

EQU 

$0068 

0042 

0O51 

MONFG 

EQU 

$0051 

W04S 

O02A 

VSRAW 

ECU 

$0U2H 

0044 

00E7 

VSPLG 

ECU 

10OE7 

0045 

O04H 

BPP'.AW 

ECU 

$004H 

0046 

0028 

FCRHW 

EQU 

$00S8 

0047 

O02C 

ES  I  AR 

EQU 

$002C 

0048 

0OC5 

NPPCT 

EQU 

$0065 

0043 

0O4C 

POUT 

EQU 

$004C 

0050 

0046 

P  CMD 

EQU 

$0046 

0051 

0003 

D1RCMD 

ECU 

$0008 

O052 

0010 

DiROUl 

EQU 

$0010 

("HE  OPERA r  1  UN  UF  2  PULSE  TIMER  MODULES 
SE  i HE  PULSE  WIDIH  MODULATED  CPWM) 

U  CuNIkuL  H  UNIT.  PTM#1  OUTPUTS  HRE 


I  Hi'-.  MODULE. 


1UNS  USED  BY  THIS  ROUTINE 


.(START  OF  60  DEG  SEGMENT  FLAG 
,  NEW  PREQ  TABLE  POINTER 
(POINTER  FOR  VALUES  IN  USE 
.(  COUNT  FOR  MID-POINT  OF  P.  P. 
jB*  FOR  SF  COMPUTATION 
>  SCALE  FACTOR 
,  DOMINANT OS  PULSE  WIDTH 
.(  COMPLEMENTS0S  PULSE  WIDTH 
.(WIDTH  OF  PULSE  PERIOD 
, 1ST  SWITCHING  TIME 
,  2ND  SWITCHING  TIME 
,  SRD  SWITCHING  TIME 
.(  V  PEAK  T ABLE  ADDRESS 


.(  MAX  SF  FOR  PP 
>  MIN  SF  FOR  PP 


COMMANDED  STATE  OF  PIA-B 
DOM I NAN T  S  ID  C 0= A, 1=B,  2=C ) 
DOM'  S  POLARITY  C0=+  ,  FF=-) 
FLAG  C+=1ST,  0DD/-=1ST  EVEN> 
FREQ  TAB  C+4=1ST  HALF/-4=2ND> 
MON  CONN  FLAG  C  0=  NOT  CONN> 
V*  FROM  PI A  CRAW  DATA) 

V*  IN  FLGCO=IN  MUPA,  1=USE  KBD 
B+  CRAW  INPUT) 

FREQ  CMD  FROM  A/D  CRAW  DATA) 
E*  =  V+/B+NOM 
NO.  OF  P.  P.  S  LEFT  IN  SEG 
OUTPUT  FREQUENCY 


Hf-1 1  6600 
ASM  VI.  1 


P  <  M-.C 


PAGE  ©002 


SEW  LUC  OBJ 


SuURcE 


0054 

0055 


005b 

•+■  I 

■••'0  hddre 

=.SES  -• 

005V 

800U 

MP1ER 

ECU 

12000 

0058 

2002 

MCrtND 

ECU 

12002 

0058 

2005 

PROD 

ECU 

12005 

0060 

5000 

P1H 

EQU 

15000 

0061 

4U00 

P  I  Ml 

ECU 

14000 

0062 

4000 

P  1  M2 

EWiJ 

14000 

0064 

200? 

WLH 1 CH 

EWU 

1200? 

0064 

•+. 

0065 

T- 

0066 

006? 

.+• 

0068 

0001 

LS'r'MB 

1 

0068 

E0O0 

URG 

1E000 

00  ?0 

:+  IN  1 ERRUP  1  SER 

VICE 

00V1 

00?  2 

+  i MMED 1 H 1  ELY 

JLEHR 

00 ?4 

•+•  i 

HIS  DUNE 

VIA  F 

00  ?4 

E000 

B6 

4001 

P  I  lb 

LDh  h 

PTM2+ 

00?  5 

E004 

B6 

4002 

LDH  H 

PTM2+ 

00  ?6 

4- 

00?? 

■+L-HC.LK 

IF  IHIS 

IS  60 

00?8 

00  ?8 

E006 

?D 

00CO 

1  ST 

F60DG 

0080 

E008 

2? 

4A 

BEW 

N0T60 

0031 

■+•  6U  DEG  INTERVAL  — 

0Oo2 

0034 

*  FIR 

ST  THING 

IS  SE 

0034 

0O35 

0086 

E90B 

86 

66 

LDH  H 

#166 

003? 

E00D 

B? 

5002 

SI  H  H 

PIH+2 

0088 

+•  1  He 

HBUVE  H/ 

CUNV 

0088 

BH 

OK  IN  SEWUENCE 

0080 

* 

0081 

E010 

DE 

Cl 

LDX 

F  TF'NW 

0082 

E012 

DF 

C4 

st?: 

FTPTR 

0084 

Eol4 

A6 

00 

LDH  A 

00,  ?> 

0084 

E016 

8? 

1  CT 

tj 

STA  H 

NPPCT 

0085 

*• 

i  MUL TPLR  12  BITS  '.HANDLE  AS  1 
, MUL IPLCND  12  BITS  <  "  "  ^ 

.;  PRuDUC  T  < MS  8  +  2  MORE  BVTES; 

PRGGRi  iMMABLE  INTERFACE  ADAPT 
, PULSE  TIMER  MODULE  #1 
,  PULSE  TIMER  MODULE  #2 
,  W  LATCH  ADDRESS  I.FGR  MUPB> 


RfcHD  TIMER  STATUS  REG 
READ  TIMER  #1  COUNT 


, TEST  FOR  BEGINNING  OF  60  DEI 
..BRANCH  IF  NOT  BEGINNING  I 


SPEED  CMD 


j  ENAB  B+  SET  SC— 0 
,  START  CONV  TO  CLR  SEQ 


, GET  NEW  FREW  TABLE  POINTER 
, SET  POINTER  TO  USE  NEW  VALl 
.;  LOAD  NO.  OF  P.  P.  S  IN  SEG 
,  ESTABLISH  BEGIN.  PP  COUNT 


00  So 
U08? 

0088  E01S  4C 
U088  Eul8  4? 
O100  E01A  97  C6 
0101 
0102 
0104 


+  CHLCULH TE  MID— F’UINT  OF  SEGMENT 


INC  H 
HSR  A 

STA  A  NPPMD 


;  NPP+1 

, ? NPP+1 >/2=M ID-POINT  COUNT 
,  S I  ORE  IN  M I D-PO I N T  LOCAL 


+  PULL  PULSE  PERIOD  PARAMETERS  FROM  TABLE 


0104 

E01C 

EE 

01 

ld?: 

01,  X 

.;  GET  PP  LENGTH 

0105 

E01E 

FF 

4002 

SIX 

PTM2+2 

.;  ESTAB  TIME  BETWEEN  INTERRI 

0106 

E021 

DF 

?0 

STX 

TPP 

,  STORE  NEW  PP  LENGTH 

010? 

E024 

DE 

C4 

LDX 

FTPTR 

,  RELOAD  TABLE  TOP  ADDRESS 

AM I  6800 
ASM  Vi.  1 


F  IT1S6 


PRGE  0002 


SEQ 

LOG 

OB- 

J 

SOURCE 

0108 

E025 

EE 

05 

LDX 

05,  X 

0103 

E02V 

DP 

2-0 

STX 

SFMHX 

0110 

E023 

DE 

C2 

LDX 

FTPTR 

©ill 

E02B 

EE 

0  V 

LDX 

07,  X 

0112 

E02D 

DF 

it 

STX 

SFMIN 

©112 

©114 

•+•  UPDATE  DOMINANT  WA' 

©115 

■+•  DOMINANT 

ID 

=  DOM  II 

©lie. 

+ 

011V 

EU2P 

So 

20 

LDH 

H 

DOM  ID 

0118 

■+ 

OHS 

+-  ID  HLWHt'S 

Ci 

HANGEi-  1 

0120 

*  HI  60  DEG 

B 

OUNDARV 

0121 

.+■ 

0122 

toil 

4H 

DEC 

H 

©122 

EOi2 

2H 

02 

BPL 

HH 

©124 

E024 

£6 

02 

LDH 

H 

#102 

0125 

E026 

37 

20 

RH  S  T  H 

H 

DOM  ID 

, LORD  MAX  SF 

, STORE  HS  MRX  SCRLE  FRCTOR 
, RELORD  TRBLE  TOP 
, LORD  MIN  SF 

..STORE  RS  MIN  SCRLE  FRCTOR 

■'EFORM  ID 

:•  =  H-ti,  B=l,  C=2> 

i  LORD  DOM  ID  FLRG 

3,  R,  C,  B,  R,  C,  ETC 
DOM I D=B  ! 

,  DECREMENT  ID 

, BRRNCH  IF  ROR  B 
,  SET  FLRG  VALUE  FOR  "C" 

;  STORE  HEW  ID 


87 


HM I  68  UU 
ASM  Vi.  1 


PI  MSt> 


PAGE  0004 


SEQ 

Luc 

ub. 

SOURCE 

012  V 

UHHrJGc.  OuMINhNr  PULHKITV 

FLHU  <.DPP’=U/+  •>  FF/—  > 

0128 

■+•  HLbU  btl  V HLUt— •  OF  H.*  & .■  L- 

PLIPFLUPS.  AT  60  DEG  BOUNDARY  DPF =6 

0128 

*  LHbl  START 

CONVERT  HDDR. 

— PB2— 0  BEFORE  HERE 

011-11 

•T* 

011:1 

E02S 

ob 

A  6 

LDh  H 

#$A6 

, LD  CMD  TO  SET  FLIP  FLOP 

0122 

E02H 

r~- 

0022 

COM 

DPF 

..CHANGE  DOMINANT  POLARITY 

0122 

E02D 

2B 

02 

BM I 

A  2 

> BRANCH  IF  NEGATIVE 

0124 

E02F 

bb 

i_:6 

LDH  H 

#$C6 

i  LD  CMD  TO  RESET  FLIP  FLOP  J 

0123 

E041 

St' 

44 

H2  STR  A 

PIACMD 

j STORE  COMMAND  FOR  LATER  USE 

012c. 

•+. 

0127 

■+■  INITIALIZE  INDICES  FOR  PROCESSING  1 

0128 

■+. 

0129 

E042 

7F 

0024 

CLR 

J 

,  CLEAR  1ST/2ND  HALF  FLAG 

0146 

E046 

CE 

0004 

LDX 

#+4 

,  SET  1ST  HALF  VALUE  ; 

0141 

E049 

DP 

C8 

STX 

FT I NCR 

.ESTABLISH  LS  OF  ADDRESS 

0142 

0142 

■+■  SEND  OUTPUT 

FREQUENCY  TO 

MUPB  j 

0144 

+ 

j 

0145 

E04B 

36 

4C 

LDH  H 

FOU'I 

> LOAD  PRESENT  OUTPUT  FREQUENCY 

0146 

E04D 

B7 

2007 

STH  H 

WLATCH 

STORE  FOOT  TO  LATCH  ) 

0147 

E050 

7F 

00C0 

CLR 

F60DG 

,  CLEAR  60  DEG  BOUNDARY  FLAG  J 

0148 

E052 

20 

£.0 

BRH 

BP  IN 

,  DONE  60  DEG  SEG.  DO  B+  INPUT 

0149 

.+. 

1 

0150 

*  CODE  IF  NOT 

A  60  DEG  BOUNDARY  < INSIDE  H  60  DEG  SEGMENT > 

0151 

*  USE  EX  1  kH  II ME  TO  INPUT  V 

*  AND  FCMD  ‘ 

0152 

•+■•  SPD  CMD  HMD 

V*  ARE  INPUT 

AND  STORED  FOR  USE  BY  MAIN  PROGRAM 

0152 

*  H/D  STHRT  CONVERT  IS  HIGH 

TO  BEGIN  WITH  1 

0154 

*  HDDRESS  FOR  SPD  CMD  HLREHDV  SET  S 

0155 

* 

0156 

E055 

86 

62 

NO  1 60  LDH  H 

#$62 

j  SET  IN  RESET/PRESET  -  NO  CHAN''", 

0157 

E057 

C6 

62 

LDH  B 

#$62 

,  SET  FOR  V*  INPUT 

0158 

E059 

B7 

5002 

STH  H 

PIA+2 

..  START  A/D  CONVERSION 

0159 

:+■ 

0160 

+  CONVERSION  FOR  SPEED  COMMAND  IS  STARTED  '] 

0161 

+•  GET  V*  WHILE 

CONVERSION  IS  WORKING  j 

0162 

+  START  CONVER 

SION  -  PIA-PB4  SET=1  1 

0162 

0164 

E05C 

F7 

5002 

STH  B 

PIA+2 

i  OUTPUT  COMMAND  TO  PI A  <ENB  V* 

0165 

E05F 

F6 

5000 

LDH  B 

F'l  A 

;  BRING  IN  V*  MSB 

0166 

E062 

86 

61 

LDH  H 

#$61 

i  SELECT  V+  LS.  OTHERS  NO  CHANGE 

0167 

E064 

B7 

5002 

STH  A 

PIA+2 

..  OUTPUT  COMMAND  TO  PI  A 

0163 

E067 

B6 

5000 

LDA  A 

PIH 

;  LOAD  V*  LS 

0169 

E06A 

97 

2B 

STH  A 

VSRAW+1 

..  SAVE  V*  LS 

0170 

E06C 

D7 

2A 

STH  B 

VSRAW 

.;  SAVE  V+  MS 

0171 

*  ENABLE  ANALOG  MUX  FOR  B+ 

INPUT 

0172 

E06E 

86 

60 

LDH  H 

#$60 

SET  ENAB  WD  FOR  B+ 

0172 

E070 

B7 

50G2 

STA  A 

PIA+2 

,  ENAB  B+ 

0174 

* 

-  « 

0175 

*  FINISH  H/D  CONVERSION  FOR 

SPEED  COMMAND 

0176 

+• 

— . 

0177 

E072 

01 

NOP 

.'FILL  KEEP  PROG  LENGTH 

0178 

E074 

01 

NOP 

;  FILL  KEEP  PROG  LENGTH 

0179 

E075 

01 

NOP 

•FILL  KEEP  PROG  LENGTH 

0180 

E076 

01 

NOP 

.'FILL  KEEP  PROG  LENGTH  " 

89 


-  -  AMI  6800 
ASM  VI.  1 


PTH56 


PAGE  0005 


SEQ 

LOG 

OBJ 

0181 

E077 

01 

0182 

E078 

F6 

0183 

EQ.'B 

D7 

5000 

Sts 


SOURCE 


NOP 

LDP  B  PIH 
STH  B  FCRAH 


.-FILL  KEEP  PROG  LENGTH 

, lord  speed  command 
; STORE  raw  frequency  command 


89 


AMI  6800 
ASM  VI.  1 


PTMS6 


PAGE  0006 


SEQ  LUC  OBJ 

0185 

0186 

8187 

0188 

0188 

0190 

0191 

0192 

0193 

0194 


SOURCE 


V+-  IS  STORED  -  EITHER  BV  ABOVE 
CONI  I HUE  SEGMENT  PROCESSING 


OR  VIA  KEYBOARD  CONTROL 


BRING  IN  V  PEAK  DURING  EVERY  SEGMENT,  CALCULATE  NEW 
SCHLE  factor  and  apply  ro  ADJUST  pulse  widths. 


V  PEAK  must  be  read  in  and  saved  in  bfraw. 
RESET  FP  S  DEPENDING  ON  POLE  VOLTAGE  STATE 
SEGMENT 


ALSO  SET  AND 
FOR  60  DEG 


©195 

*  INPUT 

V  PEAK 

FIRST 

1 

8196 

*  START 

CON’ 

.•'ERSION  PIA-PB4 

SET =0  1 

019? 

! 

0198 

E0?D 

86 

7t- 

BP  IN 

LDA 

A 

#*76 

;  SAVE  SET/RST,  ENB  A/D;  SET  S.  C. 

0199 

EOVF 

B7 

50O2 

STA 

A 

PIA+2 

,  ENABLE  FLIPFLOPS,  START  CONVE* 

0200 

E082 

C6 

Go 

LDA 

B 

#*06 

;  LD  A/D  TIMING  CNTC36  US  TOTAL) 

0201 

E034 

5A 

CBPc 

DEC 

B 

DECREMENT  A/D  COUNT 

0202 

E3S5 

26 

FD 

BNE 

CBF'C 

; BRANCH  WAIT  FOR  CONVERTER 

0203 

EOS  7 

B6 

3000 

LDA 

A 

FIA 

; LOAD  B+ 

0204 

E03A 

97 

4A 

STA 

A 

BPRAW 

;  STORE  B+ < VOL T-SEC >  CRAW  INPUT" 

0205 

E08C 

C6 

72 

LDA 

B 

#*  72- 

;  SET  SPD  CMD  ENAB  WD 

8206 

E03E 

F7 

5002 

STA 

B 

PI  A+2 

;  ENAB  SPD  CMD  "1 

O207 

■¥ 

j 

0203 

0209 

0210 

0211 

0212 

0213 

0214 

0215 


V  PEAK  HAS  NOW  STORED  AT  BP RAW 
,  PIH  IS  SET  UP  SO  THAT  FLIF'FLOF'S 
WILL  BE  SET,  RESET  OR  NOT  AFFECTED 


1 


■'  PULSE  PERIOD  INTERRUP] 

NEXT  STEP  COMPUTES  SCALE  FACTOR  BASED  ON  NEW  V  PEAK  1 

MUST  FIND  VPEAK  NOM/V  PEAK  FROM  LOOK  UP  TABLE 
FIRST  GENERATE  TABLE  ADDRESS  FROM  V  PEAK 


0216 

E091 

86 

E5 

LDA  A 

#*E5 

; LD  MS  OF  TABLE  ADDR 

0217 

E093 

D6 

4A 

LDA  B 

BPRAW 

,  LD  V  F'K  FROM  MEM 

0218 

E095 

58 

ASL  B 

;  ADJ  LS  FOR  2  BVTES/V  PK 

0219 

E096 

24 

02 

BCC 

SVPADD 

;  SKIP  FOR  <123  SAVE  ADDR 

O220 

E093 

86 

E6 

LDA  A 

#*E6 

; SET  MS  AT  128  VOLT  POS 

0221 

*• 

ADDRE: 

SS  FOUND,  SAVE  I T  AND 

-  LOOK  UP  VPEAK  NOM/V  PEAK 

0222 

E09A 

97 

D8 

ss 

/phdd 

STA  A 

VPADD 

; SAVE  MS 

0223 

E09C 

D7 

D9 

STA  B 

VPADD+1 

;  SAVE  LS 

0224 

E09E 

DE 

DS 

LDX 

VPADD 

; RELUAD  VPEAK  ADDR 

0225 

0226 

SCALE 

FACTOR 

COMPUTATION 

0227 

■f 

0228 

* 

SF  = 

Cl+E*/ 

128 >  *  VPEAK 

NOM/V  PEAK 

0229 

* 

FROM 

MCL  FOUND 

BY  THIS  SUBROUTINE 

0230 

0231 

E0A0 

EE 

00 

8PCHL 

LDX 

0,  X 

; LD  X  V  PEAK  NOM/V  PEAK 

0232 

E0A2 

FF 

2000 

STX 

MPIER 

;  STORE  AS  MULTIPLIER 

0233 

E0A5 

DE 

3C 

LDX 

ESTAR 

; LD  <1+E*/128> 

0234 

E0A7 

FF 

2O02 

STX 

MCAND 

; STORE  AS  MULTIPLICAND 

0235 

E0AA 

B6 

2005 

LDA  A 

PROD 

; LD  MS  OF  SF 

0236 

E0AD 

F6 

2O06 

LDA  B 

PROD+1 

;  LD  LS  OF  SF 

0237 

EOB0 

47 

ASR  A 

, ADJ  FOR  MULTIP  TRUNC 

0238 

EOBl 

56 

ROR  B 

,  ADJ  LS  FOR  TRUNC 

AMI 

6800 

PTMS6 

PAGE  0007 

ASM 

VI.  1 

SEQ 

LOG 

OBJ 

SOURCE 

0233 

•+. 

024G 

+■  SCALE  FACTOR  NOW  EXISTS 

IN  A  &  B  REGISTERS 

0241 

*  SCALING  IS  ; 

0242 

+  B15  B14  B12  B12  Bll  BlU 

By  Bo  B7  B6  B5  B4  B3  B2 

B1 

B0 

0242 

■+■  X  X  >■  X!  S  4 

2  1.  .  5  0  0  0  0  0 

D 

2E' 

0244 

■+■ 

0245 

E0B2 

07  01 

STA  B  SF+1 

;  SAVE  SF  LS 

0246 

E0B4 

37  00 

STA  H  SF 

,  SAVE  SF  MS 

0247 

+  TEST  FOR  NEGATIVE  FIRST 

024S 

E0B6 

81  00 

CMP  A  #$00 

CMP  TO  ZERO 

0243 

E0BS 

2B  12 

BMI  SFHNL 

i SKIP  TO  LD  MIN  SF 

AMI  6888 
ASM  VI.  1 

SEQ  LOG  OBJ 


8251 

8252 
0252 

8254 

8255 
0256 
0257 
0258 
0255 
8260 
0261 
8262 
0262 
8264 
0265 
0266 
0267 
0268 
8269 
0270 
0271 
8272 
8272 

8274 

8275 
0276 
0277 
0278 
0279 
0288 
0281 
0282 
8282 
0284 
8285 
0286 

8287 

8288 
8289 
8298 
0291 
0292 
0292 
0294 
0295 
0296 
0297 


PTMS6 


PAGE  @008 


E8BA  2; 


E0BC  DO 
E0BE  92 
E0C0  2B 
E0C2  DE 
E0C4  DF 
E0C6  20 


E0C8  D1 
E0CA  22 
E0CC  DE 
E0CE  DF 


E0D0  DE 
E0D2  EE 
E0D4  FF 
E0D7  DE 
E0D9  FF 


E0DC  B6 
E8DF  F6 
E8E2  47 
E0E2  56 


C3 

89 

2000 

D0 

2082 


SOURCE 


TEST  MS  OF  SCALE  FACTOR 
SCALE  FACTOR  NOMINAL  IS  O.  5 

2.  996 

BEQ  SFMSZ 

sf:>-i.  0800 


< M I N  E*  &  MIN  B+ERR/B+NOP 
r.  MAX  E*  &  MAX  B+ERR/B+NOM  > 

,  BRANCH  IF  MS=8 


SUB  B 

SFMAX+1 

,  SF— SFMAX  LS 

SBC  A 

SFMAX 

,  SF— SFMAX  MS 

BM I 

SFOK 

;  BRANCH  IF  <3.  00 

LDX 

SFMAX 

j LOAD  MAX  SF 

STX 

SF 

;  SET  SF  =  SFMAX 

BRA 

SFOK 

;  BRANCH  TO  SFOK 

}00 

CMP  B 

SFMIN+1 

;  SF— SFMIN  LS 

BHI 

SFOK 

;  BRANCH  IF  >0.  75 

LDX 

SFMIN 

> LOAD  MIN  SF 

STX 

SF 

SET  SF  =  SFMIN 

+ 

*  SF  <1 J 

* 

SFMSZ 

SFMNL 


+  NEXT  STEP  IS  TO  COMPUTE  PULSE  WIDTHS  BASED  ON  WHERE  VOU  ARt 
*  COMPUTE  DOMINANT  FIRST 

SFOK  LDX  FTPTR  ;  LOAD  WORK  FREQ  TABLE  PT 

LDX  89,  X  ;  GET  PWDOM  BEFORE  SCALING 

STX  MPIER  i  STORE  PWDOM  AS  MULTIPLIER 

LDX  SF  ,  LOAD  SCALE  FACTOR 

STX  MC AND  STORE  SF  AS  MULTIPLICAND 


PWDOM  =  SF  *  TCI  < PWDOM  BEFORE  SCALING) 


2005 

2806 


LDA  A  PROD  i  INPUT  SIGN  +  PR1  TO  PR7 

LDA  B  PROD+1  > INPUT  PR8  TO  PR15 

ASR  A  ; POSITION  ANSWER  MS 

ROR  B  ; POSITION  LS 

* 

*  PWDOM  NOW  HAS  RESOLUTION  IN  MICROSECONDS  AS 

4 

♦  B15  B14  B12  B12  Bll  B10  B9  B8  B7  B6  B5  B4  B3  B2  B1  B0 
4  S  S  8K  4K  2K  IK  512  256  128  64  32  16  8  4  2  1* 


E0E4  97 
E0E6  D7 


ST A  A  PWDOM 
STA  B  PWDOM+1 


> STORE  MS 
STORE  LS 


AMI  6883 
ASM  VI.  1 


PTMS6 


PR GE  0008 


SEQ 

LOG 

OBJ 

r 

Si 

□URGE 

,*0289 

+■ 

0300 

* 

NEXT  STEP  IS 

TO  COMPUTE  THE  COMPLEMENT  PULSE  WIDTH 

—  0201 

+ 

0302 

E0E8 

DE 

C3 

LDX 

FTPTR 

,  RELORD  THE  TRBLE  POINTER 

”*0303 

E0ER 

EE 

OB 

LDX 

11,  X 

,  GET  TC  -  COMPLEMENT 

__0304 

E0EC 

FF 

2000 

st:: 

MPIER 

, STORE  RS  MULTIPLIER 

0305 

■ *0206 

DON  T  HRVE  TU  RELOHD 

SGRLE  FRCTOR  SINGE  IT  IS  LRTCHED  RS 

0207 

MULT I FL I  CRND 

0308 

* 

0209 

E0EF 

B6 

2005 

LDH  R 

PROD 

i  LORD  MS  8 

021U 

E0F2 

F6 

2006 

LDH  B 

PROD+1 

,  LORD  LS  8 

0311 

E0F5 

47 

RiR  R 

,  POSITION  MS 

0312 

E0F6 

56 

ROR  B 

; PuS I T I ON  LS 

0313 

E0F7 

97 

74 

SIR  R 

PWCOM 

, STORE  MS 

0314 

E0F9 

D7 

75 

STR  B 

PWCQM+1 

;  STORE  LS 

" '0315 

* 

-0216 

:+• 

RESOLUTION  & 

SCRLING 

OF  PWCOM  IS  IDENTICAL  TO  PWDOM 

AMI  6800 
ASM  VI.  1 


PTMS6 


t] 


SEQ  LOG  OBJ 


SOURCE 


0218 

0318 

022O 

0321 

0222 

0j>2-> 

0224 

0325 

0326 

022? 

0328 

0328 

0230 

0231 

0332 


CALCULATE  THE  THREE  SWITCHING  TIMES  FOR  THIS  PULSE  PERIOD 
TEST  THE  J -  INDEX  TO  DETERMINE  WHICH  OF  TWO  ALGORITHMS  TO 
USE  DIFFERENCE  IN  ALGORITHM  IS  RESULT  OF  POSITION  IN  SEGMt  1 
AND  WHETHER  PP  NO.  IS  ODD  OR  EVEN 


Tl—  1ST 
T  2—  2ND 
T3-  3RD 


TO  TIME  OUT 
TO  TIME  OUT 
TO  TIME  OUT 


IN  1ST  HALF  OF  SEGMENT 
IN  2ND  HALF  OF  SEGMENT 
J=-<.->  IF  1ST  HALF  EVEN  PF', 
J=<  +  >  IF  1ST  HALF  ODD  F'P, 


ODD  P.  P  S 
T2=  T2-FWC0M 

T2=  Tl+PWCGM 

OR  IF  2ND  HALF  ODD  PP 
IF  2ND  HALF  EVEN  PP 


EVEN  P.  P. 
T  1+PWCOf' 
T2-PWC0M 


OR 


0332 

E0FB 

?D 

0024 

TST 

J 

j  Is  J  +/—  ? 

0324 

EOFE 

2B 

20 

BMI 

MINDX 

i BRANCH  FOR  <->  INDEX 

0335 

4- 

0326 

4- 

ALGORITHM  1 

033? 

4 

CALCULATE  SWITCHING  TIMES  FOR: 

0328 

4 

PVSttDPF 

AND  PWCOM 

IS  2ND  COMPLEMENT 

0238 

4 

OR  PVS=DPF 

AND  PWCOM 

IS  1ST  COMPLEMENT 

0240 

4 

0341 

4 

Tl-  <  TF'P-PWDGM  ;>  X2 

0242 

4 

0342 

E100 

86 

70 

LDA  A 

TPP 

.i  LOAD  TOTAL  PP  COUNT  MS 

0244 

E192 

D6 

71 

LDH  B 

TFP+1 

;  LOAD  .  LS 

0345 

E104 

DO 

73 

SUB  B 

PWDOM+1 

, TPP— PWDOM  LS 

0246 

£106 

82 

72 

SBC  H 

PWDOM 

, TPP— PWDOM  MS 

034? 

E108 

4? 

ASR  A 

; DIVIDE  DIFFERENCE 

0348 

£108 

56 

ROR  B 

;  BV  2 

0348 

E10A 

87 

78 

STA  A 

Tl 

.;  STORE  MS 

0350 

ElOC 

D7 

73 

STA  B 

ri+i 

; STORE  LS 

0351 

4 

0252 

4 

T3=T 1+FWDOM 

0353 

4 

0354 

E10E 

DB 

73 

ADD  B 

PWDOM+1 

; T 1+PWDOM  LS 

0355 

E110 

88 

72 

ADC  A 

PWDOM 

.;  Tl+PWDOM  MS 

0356 

E112 

37 

7C 

STA  A 

T3 

, STORE  MS 

035? 

E114 

D? 

?'D 

STH  B 

T3+1 

;  STORE  LS 

0358 

4 

0258 

4 

T2= l 3-PWCUM 

0360 

4 

0261 

E116 

D0 

75 

SUB  B 

PWCOM+1 

;  T2-PWC0M  LS 

0362 

£118 

32 

74 

SBC  A 

PWCOM 

,  T2-PWC0M  MS 

0363 

E11A 

87 

7R 

STA  A 

T2 

.;  STORE  T2  MS 

0364 

E11C 

D7 

7B 

STA  B 

T2+1 

> STORE  T2  LS 

0365 

E11E 

20 

22 

BRA 

OTCNTS 

,  BRANCH  TO  OUTPUT  COUNTS 

:i 


HHI  6880 
ASH  VI.  1 


PTMS6 


PAGE  0011 


SEQ  LOU  OBJ 


SOURCE 


0367 
0368 
*  0369 
rr,0378 
0371 
.  0372 
0373 


■+■ 

+ 

•+. 


ChLCULA IE  THE  SWITCHING 
PVS#DPF  AND  PWCOM  l'i 
OR  PVS=DPF  AND  PWCOM  IS 

i  !=•<:  TPP-PWDOM  >. -'2 


0374 

E120 

96 

70 

MINDX  LDH 

A 

TPP 

0375 

E122 

D6 

71 

lda 

B 

TPP+1 

0376 

E124 

DO 

I*  3 

SUB 

B 

PWDOM+1 

037' 7 

E126 

yd 

T  cL 

SBC 

A 

PWDOM 

03:78 

E128 

47 

ASR 

A 

0379 

E129 

56 

ROR 

B 

0380 

E12A 

97 

78 

STA 

A 

T1 

■0381 

E12C 

D7 

79 

STA 

B 

ri+i 

. .0332 

* 

0383 

+  T3= Tl+PWDOM 

'0384 

+ 

0385 

E12E 

DB 

73 

ADD 

B 

PWDOM+1 

0386 

E130 

99 

72 

ADC 

A 

PWDOM 

.  0387 

E132 

97 

7C 

STA 

A 

T3 

0388 

E134 

D7 

7D 

STA 

B 

T3+1 

- -  0389 

* 

O390 

+  T2-T1+PWO 

JM 

“0391 

* 

0392 

E136 

96 

78 

LDA 

A 

ri 

‘"0393 

E138 

D6 

79 

LDA 

B 

Tl+l 

-  0394 

E13A 

DB 

i’  5 

ADD 

B 

PWCOM+1 

0395 

E13C 

99 

74 

ADC 

A 

PWCOM 

- -  0396 

E13E 

97 

7A 

STA 

A 

T2 

G397-' 

E140 

D7 

7B 

STA 

B 

T2+1 

”  0398 

E142 

96 

09 

OTCNTS  LDA 

A 

$09 

..0399 

E144 

91 

10 

CMP 

A 

D I  ROUT 

0400 

E146 

27 

OE 

BEQ 

DAN1 

-0401 

E148 

96 

4C 

LDH 

A 

FOUT 

0402 

E14A 

27 

OA 

BEQ 

DAN1 

'0403 

E14C 

86 

00 

LDH 

A 

#$00 

0404 

E14E 

97 

46 

STA 

A 

FCMD 

0405 

E150 

91 

10 

CMP 

A 

D I  ROUT 

0406 

E152 

27 

0A 

BEQ 

DAN2 

0407 

E154 

20 

OB 

BRA 

DAN3 

0408 

E156 

96 

09 

DAN1  LDA 

A 

DIRCMD 

0409 

E158 

97 

10 

STA 

A 

D I ROUT 

0410 

EISA 

96 

09 

LDA 

A 

DIRCMD 

•  8411 

E15C 

26 

03 

BNE 

DHN3 

0412 

E15E 

7E 

E242 

DAN2  JMP 

CWRT 

*  0413 

E161 

7E 

E342 

DAN3  JMP 

CCWRT 

TIMES  FOR: 

THE  1ST  COMP 
THE  2ND  COMP 


.•  LOAD  TOTAL  PP  MS 
•  LOAD  “  "  LS 

..  TPP-PWDOM  LS 
.■  TPP-PWDOM  MS 
> DIVIDE  DIFFERENCE 
,  BV  2 

; STORE  MS 
; STORE  LS 


; Tl+PWDOM  LS 
,  Tl+PWDOM  MS 
;  STORE  MS 
;  STORE  LS 


.i  LOAD  T 1  MS 
, LOAD  T 1  LS 
, Tl+PWCOM  LS 
, Tl+PWCOM  MS 
i  STORE  MS 
; STORE  LS 
i GET  DIR  CMD  FLAG 
;  COMPARE  WITH  DIR  OUT 

; GET  OUTPUT  FREQ 


SET  FREQ  CMD  TO  ZERO 
> IS  DIRECTION  CW? 


AMI 

6808 

PTMS6 

PAGE  0012  . 

ASM 

VI.  1 

1 

SEQ 

LOC 

OBJ 

SOURCE 

0415 

E242 

ORG 

1E242 

| 

0416 

0417 

+  CLOCKWISE 

ROUTINE 

i 

0418 

0419 

E242 

96 

05 

CWRT 

LDA 

A  NPPCT 

,  GET  NO.  OF  PF'  COUNTED 

©420 

E244 

84 

01 

AND 

A  #1 

j  IS-  IT  ODD? 

0421 

E246 

^  7* 

2H 

EEC! 

EVP' PI 

,  BRANCH  FOR  EVEN  PP  1 

0422 

0422 

•+•  DOMINANT  POLAR I TV  DOES 

NOT  EQUAL  POLE  VOLTAGE  STATE 

0424 

•+  DETERMINE 

THE  DOMINANT 

PHASE  CINIT:  0=A,  1=B,  2=0  > 

0425 

0426 

E248 

96 

20 

LDH 

A  DOM ID 

, LOAD  DOMINANT  PHASE  ID 

0427 

E24A 

4H 

DEO 

A 

, DECREMENT  PHASE  CB-A-C  ALWAYS  > 

042S 

E24B 

27 

12 

BEG 

F'HBDOl 

; BRANCH  B  PHASE  DOMINANT  <01 

0429 

E24D 

2rt 

cici 

BPL 

PHCD01 

;  BRANCH  0  PHASE  DOMINANT  <ODi/, 

0420 

0421 

•+•  PHHSE 

A  IS 

DOMINANT 

0422 

+  DOMINANT  FOLARITV  DOES 

NOT  EQUAL  POLE  VOLTAGE  STATE  A-O-B 

0422 

* 

0424 

E24F 

DE 

73 

LDX 

n 

^  LOAD  T1  COUNT 

0425 

E251 

FF 

4002 

stx 

PTMl+2 

T1  TO  PHASE  A  <D0M/1ST  0N> 

0426 

E254 

DE 

7tt 

LDX 

T2 

LOAD  T2  COUNT 

0427 

E256 

FF 

4006 

STX 

PTMl+6 

^  T2  TO  PHASE  C<2ND  0N/1ST  OFF' 

0428 

E259 

DE 

70 

LDX 

T2 

, LOAD  T2  COUNT 

0429 

E25B 

FF 

40O4 

STX 

P  TM1+4 

T2  TO  PHASE  B  <D0M/2ND  OFF) 

0440 

E25E 

20 

5A 

BRA 

TMDPT1 

BRANCH  TO  TEST  FOR  MID-POINT 

0441 

* 

0442 

+  PHASE 

B  IS 

DOMINANT  B- 

A-C 

0442 

*■ 

0444 

E268 

DE 

78 

PHBD01 

LDX 

T1 

, LOAD  T1  COUNT 

0445 

E262 

FF 

4004 

STX 

PTM1+4 

T1  TO  PHASE  B  <D0M/1ST  ON) 

0446 

E265 

DE 

7A 

LDX 

T2 

LOAD  T2  COUNT 

0447 

E267 

FF 

4002 

STX 

PTMl+2 

j T2  TO  PHASE  A < 2ND  0N/1ST  OFF' 

0448 

E26A 

DE 

70 

LDX 

T2 

; LOAD  T2  COUNT 

0449 

E26C 

FF 

4006 

STX 

PTMl+6 

^  T2  TO  PHASE  C  <D0M/2ND  OFF) 

0450 

E26F 

28 

49 

BRA 

TMDPT1 

i BRANCH  TO  TEST  FOR  MID-POINT 

0451 

* 

0452 

+■  PHASE 

0  IS 

DOMINANT 

C-B-A 

0452 

0454 

E271 

DE 

78 

PHCD01 

LDX 

T1 

; LOAD  T1  COUNT 

0455 

E272 

FF 

4006 

STX 

PTMl+6 

; T1  TO  PHASE  C  <D0M/1ST  ON? 

0456 

E276 

DE 

7A 

LDX 

T2 

; LOAD  T2  COUNT 

0457 

E278 

FF 

4004 

STX 

PTM1+4 

T2  TO  PHASE  B < 2ND  0N/1ST  OFF; 

0458 

E27B 

DE 

70 

LDX 

T2 

LOAD  T2  COUNT  S 

0459 

E27D 

FF 

4002 

STX 

PTMl+2 

T2  TO  PHASE  A  <D0M/2ND  OFF)-  • 

0460 

E280 

28 

28 

BRA 

TMDPT1 

i  BRANCH  TO  TEST  FOR  MID-POINT 

I 
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ASM 

*  * 

VI.  1 

SEQ 

LOG 

OBJ 

SOURCE 

. <,0462 

0462 

+  DOMINANT  POLHP. I TV  EQUALS  POLE 

VOLTAGE  STATE 

~ "0464 

+  DETERMINE 

THE  DOMINANT  PHASE 

0465 

* " 0466 

E232 

96 

20 

EVP PI  LDA 

A  DOM ID  ,  LOAD  DOMINANT  ID 

. _  0467 

E2S4 

4A 

DEC 

A  ,  DECREMENT  PHASE  <  -=A, 0=B,  +=C> 

0463 

E235 

d  i 

12 

BEQ 

PHBDE1 

PHASE  B  DOMINANT  -  EVEN  PP 

' -0463 

E237 

2H 

BPL 

PHCDE1 

PHASE  C  DOMINANT  -  EVEN  PP 

0470 

* 

0471 

•+  PHASE  A  IS 

DOMINANT  B-C-A 

0472 

E283 

OE 

73 

LDX 

T 1 

LOAD  T1  COUNT 

0472 

E2SB 

FF 

4004 

STX 

FTM1+4 

T1  TO  PHASE  B  GD0MX2ND  0N> 

0474 

E28E 

DE 

7A 

LDX 

T2 

LOAD  T2  COUNT 

0475 

E230 

FF 

4006 

STX 

PTM1+6 

T2  TO  PHASE  C 

0476 

E232 

DE 

7C 

LDX 

T2 

LOAD  T3  COUNT 

0477 

E295 

FF 

40O2 

STX 

PTM1+2 

T3  TO  PHASE  A 

0478 

E298 

20 

20 

BRA 

TMDPT1 

BRANCH  TO  TEST  FOR  MID-PQIN' 

0479 

0480 

+  PHASE  B  IS 

DOMINANT  C-A-B 

- -0481 

+ 

0482 

E29A 

DE 

78 

PHBDE1  LDX 

T1 

LOAD  T 1  COUNT 

0432 

E23C 

FF 

4006 

STX 

PTM1+6 

T1  TO  PHASE  C 

. . 0484 

E29F 

DE 

7fi 

LDX 

T2 

LOAD  T2  COUNT 

04S5 

E2R1 

FF 

4002 

STX 

PTM1+2 

T2  TO  PHASE  A 

'0486 

E2R4 

DE 

7C 

LDX 

T2 

LOAD  T2  COUNT 

04S7 

E2A6 

FF 

4O04 

STX 

PTM1+4 

TS  TO  PHASE  B 

0488 

E2A3 

20 

OF 

BRA 

TMDPT1 

BRANCH  TOTEST  FOR  MID-POINT 

0489 

*■ 

0430 

*  PHASE  C  IS 

DOMINANT  A-B-C 

- -0431 

•+. 

0432 

E2AB 

DE 

78 

PHCDE1  LDX 

T1 

LOAD  T1  COUNT 

0492 

E2AD 

FF 

4002 

STX 

PTM1+2 

T1  TO  PHASE  A 

..0434 

E2B0 

DE 

7fl 

LDX 

T2 

LOAD  T2  COUNT 

0495 

E2B2 

FF 

4004 

STX 

PTM1+4 

T2  TO  PHASE  B 

0496 

E2B5 

DE 

7C 

LDX 

T2 

LOAD  T3  COUNT 

0437 

E2B7 

FF 

4006 

STX 

PTM1+6 

T3  TO  PHASE  C 

AMI  6800 
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SEQ 

LOG 

OBJ 

SOURCE 

0439 

-+■ 

0500 

*  TEST  IF  THIS 

IS  THE  MID-POINT  IN  THE  60  DEG  SEGMENT 

0501 

+■ 

0502 

E2BA 

9  b 

C6 

TMDPT1  LDA  H 

NPPMD 

GET  NO.  FOR  MID-POINT  P.  P. 

0502 

E2BC 

91 

C5 

CMP  A 

NPPCT 

..  COMPARE  TO  PULSE  PERIOD  COUNTEt 

0504 

E2BE 

2b 

08 

BNE 

NMDPT1 

,  BRANCH  IF  NOT  MID-POINT 

0505 

:+■ 

050b 

4:  MID-POINT  OF 

60  DEG  SEGMENT 

ENCOUNTERED 

0507 

+  COMPLEMEN T 

J  INDEX  < COUNT  DOWN  -  >  TO  ACCOUNT  FOR 

0503 

*  FOR  COMPLEMENTARY  PULSE  WIDTH  BECOMING  1ST  COMP 

0509 

*  SET  FTPTR  INDEX  TO  COUNTDOWN 

0510 

0511 

E2C0 

1' 

0024 

COM 

J 

i  COMPLEMENT  J  INDEX 

0512 

E2C2 

CE 

FFFC 

LDX 

#—04 

,  SET  FTPTR  INDEX 

©512 

E2C6 

OF 

C3 

STX 

FT I NCR 

, STORE  NEW  INCREMENT  VALUE 

0514 

* 

0515 

*  UPDATE  POINTERS  AND  INDICES 

AND  TEST  FOR  END  OF  60  DEG  SEC 

051b 

+ 

0517 

E2C8 

l* 

0024 

NMDPT1  COM 

J 

,  J  -  NOT  J 

0513 

E2CB 

96 

C2 

LDA  A 

FTPTR 

,  LOAD  PRESENT  POSITION  MS 

0519 

E2CD 

D6 

C4 

LDA  B 

FTPTR+1 

;  "  "  "  LS 

0520 

E2CF 

DB 

C9 

ADD  B 

FTINCR+1 

;  MOVE  IN  TABLE  MS 

0521 

E2D1 

99 

C8 

ADC  A 

FT I NCR 

.  .1  ..  |_.- 

0522 

E2D2 

97 

C2 

STA  A 

FTPTR 

■STORE  IN  NEW  POSITION  MS 

0522 

E2D5 

D7 

C4 

STA  B 

FTPTR+1 

..  IN  TABLE  LS 

0524 

:+■ 

0525 

*  TEST  FOR  END 

OF  PULSE  PERIOD 

0526 

* 

0527 

E2D7 

7A 

00C5 

DEC 

NPPCT 

, DECR  TOTAL  NO.  OF  PP 

0528 

E2DA 

26 

02 

BNE 

MPPTD1 

,  SKIP  IF  MORE  PP  TO  GO 

0529 

E2DC 

—• 

r  -> 

0OG0 

COM 

F60DG 

.;  SET  60  DEG  FLAG 

0520 

+ 

0521 

+  EVERY  PULSE 

PERIOD  WILL  OUT 

SET/PRESET  OR  NULL 

0522 

*  OPERATION  COMMAND  TO  PI A  TO 

SET  UP  FLIP  FLOPS 

0522 

+ 

0524 

E2DF 

96 

44 

MPPTD1  LDA  A 

PIACMD 

■GET  PI A  CMD  D  STATE 

0525 

E2E1 

B7 

5002 

STA  A 

PIA+2 

^  START  CGNV  TO  CLEAR  DETECT 

0526 

E2E4 

86 

72 

LDA  A 

#$72 

,  PR/RST=1,  NEW  MUX  ADDR-SPD  CMC 

0527 

E2E6 

97 

44 

STA  A 

PIACMD 

.;  CLEAR  PI  A  CMD 

0528 

+ 

0529 

+  DISMISS  THE 

INTERRUPT 

0540 

* 

0541 

E2ES 

2B 

RTI 

0542 

E242 

ORG 

$E242 

0542 

*■ 

0544 

*  COUNTERCLOCKWISE  ROUTINE 

0545 

* 

i 

0546 

E242 

96 

05 

CCWRT  LDA  A 

NPPCT 

GET  NO.  OF  PP  COUNTED  { 

0547 

E244 

84 

01 

AND  A 

#1 

,  IS  IT  ODD? 

0548 

E246 

26 

2A 

BNE 

EVPP2 

BRANCH  FOR  EVEN  PP  -  - 

0549 

* 

I 

0550 

*  DOMINANT  POLARITY  DOES  NOT  EQUAL  POLE  VOLTAGE  STATE  ‘1 

0551 

*  DETERMINE  THE  DOMINANT  PHASE 

UNIT:  0=A,  1=B,  2=C  >  1 

0552 

* 

11 

J 


rtf-1 1  6800 
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SEQ  LOC  OBJ 


SOURCE 


PrtGE  0015 


055S 

E348 

36 

20 

LDrt 

H  DOM ID 

.•  LOAD  DOMINANT  PHASE  ID 

0554 

E34rt 

4rt 

DEC 

H 

.■  DECREMENT  PHASE  CB-A-C  ALWAYS > 

0555 

E34B 

•  -7 
ll.  r 

24 

BED 

PHCD02 

,  BRANCH  B  PHASE  DOMINANT  < ODD 

0556 

i~*  c;  c-  — 

E34D 

2rt 

11 

X- 

BPL 

PHBD02 

;  BRANCH  C  PHASE  DOMINANT  C ODD 

yj  _■  >_•  i 

0558 

PHrtSE 

A  IS 

DOMINANT 

0558 

DOMINANT  POLAR I  TV  DOES 

NOT  EQUAL  POLE  VOLTAGE  STATE  A-C-B 

0560 

4 

0561 

E34F 

DE 

r  0 

ld:  : 

T 1 

,  LOAD  Tl  COUNT 

0562 

E351 

FF 

4002 

STX 

F'TMl+2 

,  Tl  TO  PHASE  A  CD0M/1ST  0N> 

0563 

E354 

DE 

7rt 

ld:-: 

T2 

,  LOAD  T2  COUNT 

0564 

E356 

FF 

4006 

STX 

PTf-11+6 

.•  T 2  TO  PHASE  C  <  2ND  0N/1ST  OFF 

0565 

E353 

DE 

7C 

LDX 

T3 

, LOAD  T3  COUNT 

0566 

E35B 

FF 

4004 

STX 

pTni+4 

,  T3  TO  PHASE  B  <D0f-1/2ND  OFF;' 

y  3o? 

E35E 

20 

5fl 

BRrt 

TMDPT2 

■BRANCH  TO  TEST  FOR  MID-POINT 

0568 

4- 

0563 

L?i  7  Ci 

4- 

-X- 

PHrtSE 

B  IS 

DOMINANT  B 

l 

l 

O 

0571 

E360 

DE 

78 

PHBD02 

LDX 

T 1 

.■  LOAD  Tl  COUNT 

0572 

E362 

FF 

4004 

STX 

PTf-11+4 

■ Tl  TO  PHASE  B  CD0M/1ST  0N> 

0573 

E365 

DE 

7rt 

LDX 

T2 

,  LOAD  T2  COUNT 

0574 

E367 

FF 

4002 

STX 

PTf-11+2 

.;  T2  TO  PHASE  AC  2ND  0N/1ST  OFF 

0575 

E36rt 

DE 

7C 

LDX 

T3 

, LOAD  T3  COUNT 

0 5  7 6 

E46C 

FF 

4006 

STX 

F'Tf-11+6 

,  T3  TO  PHASE  C  C D0M/2ND  OFF > 

0577 

E36F 

20 

43 

BRrt 

TMDPT2 

,  BRANCH  TO  TEST  FOR  MID-POINT 

0578 

X 

0573 

X 

FHrtSE 

C  IS 

DOMINANT 

C-B-A 

0580 

:+• 

0581 

E371 

DE 

73 

PHCD02 

LDX 

Ti 

LOAD  Tl  COUNT 

0582 

E373 

FF 

4006 

STX 

PTM1+6 

,  Tl  TO  PHASE  C  C DOM.- '1ST  0N> 

0583 

E376 

DE 

7rt 

LDX 

T2 

, LOAD  T2  COUNT 

0584 

E378 

FF 

4004 

STX 

F’TMl+4 

;  T2  TO  PHASE  B  C  2ND  0N/1ST  OFF 

0585 

E37B 

DE 

7C 

LDX 

T3 

,  LOAD  T3  COUNT 

0586 

E37D 

FF 

4002 

STX 

PTf-11+2 

T3  TO  PHASE  A  C D0M/2ND  OFF) 

0587 

ESSO 

20 

38 

BRA 

TMDPT2 

.i  BRANCH  TO  TEST  FOR  MID-POINT 

AMI  6800 
ASM  VI.  i 


PTMS6 


SEQ 

0583 

0530 

0531 

0532 

0533 

0534 

0535 

0536 

0537 

0538 

0533 

0600 

0601 

0602 

0603 

©604 

0605 

O606 

0607 

0608 

0603 

0610 

0611 

0612 

0613 

0614 

©615 

0616 

0617 

0618 

0613 

0620 

0621 

0622 

0623 

0624 


PAGE  0016 


LOc  OBJ  SOURCE 


4  DOMINANT  POLAR  I  TV  EQUALS  POLE  VOLTAGE  STATE 
4.  DETERMINE  THE  DOMINANT  PHASE 


4 


E3S2 

36 

20 

EVPP2 

LDA 

A  DOM ID 

E384 

4A 

DEC 

A 

E385 

d  i 

24 

BEQ 

PHCDE2 

ESS  7 

2A 

11 

4 

4  PHASE 

BPL 

PHBDE2 

A  IS 

DOMINANT 

E333 

DE 

l’  © 

LDX 

T 1 

E38B 

FF 

4004 

STX 

PTM1+4 

ESSE 

DE 

7A 

LDX 

T2 

ES30 

FF 

40O6 

STX 

PTM1+6 

E333 

DE 

7C 

LDX 

T3 

ES35 

FF 

4002 

STX 

F'TMl+2 

ES33 

20 

20 

■X- 

BRA 

TMDPT2 

•T- 

4  PHASE 

B  IS 

DOMINANT 

4 

ES3A 

DE 

78 

PHBDE2 

LDX 

T1 

ES3C 

FF 

4006 

STX 

PTM1+6 

ES3F 

DE 

7A 

LDX 

T2 

E3A1 

FF 

4002 

STX 

F'THl+2 

ESA4 

DE 

»■  c 

LDX 

T3 

ESA6 

FF 

4004 

STX 

PTM1+4 

ESA3 

20 

OF 

BRA 

TMDPT2 

•+* 

4  PHASE 

4 

PHCDE2 

C  IS 

DOMINANT 

E3AB 

DE 

«'  © 

LDX 

T1 

E3AD 

FF 

4002 

STX 

PTM1+2 

ESB0 

DE 

7A 

LDX 

T2 

ESB2 

FF 

4004 

STX 

PTM1+4 

ESB5 

DE 

7C 

LDX 

T3 

ESB7 

FF 

4006 

STX 

PTM1+6 

,  LOAD  DOMINANT  ID 
,  DECREMENT  PHASE  •,  -=A,  0=B, +=C> 

, PHASE  B  DOMINANT  -  EVEN  PP 
, PHASE  C  DOMINANT  -  EVEN  PP 

B-C-A 

, LOAD  T1  COUNT 
,  T 1  TO  PHASE  B  < D0M/2ND  ON  > 

, LOAD  T2  COUNT 
T2  TO  PHASE  C 
,  LOAD  T3  COUNT 
:■  Tj>  TO  F'HASE  A 
,  BRANCH  TO  TEST  FOR  MID-POIf 

•A-B 

, LOAD  T1  COUNT 
,  T1  TO  PHASE  C 
, LOAD  T2  COUNT 
T2  TO  PHASE  A 
, LOAD  T3  COUNT 
^  T3  TO  PHASE  B 
i  BRANCH  TOTEST  FOR  MID-POIN'r 

B-C 

,  LOAD  T 1  COUNT 
, T 1  TO  PHASE  A 
, LOAD  T2  COUNT 
T2  TO  PHASE  B 
, LOAD  T3  COUNT 
T3  TO  PHASE  C 


loo 


RM I  636*6* 

PI  MS 6 
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ASM  V 

1.  1 

SEQ 

LOC 

OBJ 

3UURCE 

0626 

:+• 

©627 

*  TEST  IF  THIS 

IS  THE  MID-POINT  IN  THE  6*3  DEG  SEGMENT 

06ciS 

0629 

E3BR 

96 

6  6 

TMDPT2  LDR  H 

NPPMD 

,  GET  NO.  FOR  MID-POINT  P.  P. 

0639 

E3BC 

91 

C5 

CMP  A 

NF'PCT 

•COMPARE  TO  PULSE  PERIOD  COUNTEL 

0631 

E3BE 

26 

6*8 

BNE 

NMDPT2 

,  BRANCH  IF  NOT  MID-POINT 

0622 

0623 

•+•  MID-POINT  OF 

66*  DEG  SEGMENT 

ENCOUNTERED 

0634 

+  COMPLEMENT 

J-  INDEX  < COUNT  DOWN  -  >  TO  ACCOUNT  FOR 

0635 

FOR  COMFLEMENTRRV  PULSE  WIDTH  BECOMING  1ST  COMP 

0626 

•+■  SET  FTPTR  INDEX  TO  COUNTDOWN 

0637 

* 

0633 

E2C0 

r  — ■ 

6*6*24 

COM 

J 

•  COMPLEMENT  J  INDEX 

0629 

E2C2 

CE 

FFFC 

LDX 

#-04 

;  SET  FTPTR  INDEX 

0  0  4  0 

E3C6 

DF 

C8 

STX 

FT I NCR 

.*  STORE  NEW  INCREMENT  VALUE 

0641 

* 

0642 

*  UPDATE  POINTERS  AND  INDICES 

AND  TEST  FOR  END  OF  60  DEG  SEG 

0*1*43 

+ 

0644 

E3CS 

73 

6*6*24 

NMDPT2  COM 

J 

; J  =  NOT  J 

0645 

ESCB 

96 

C2 

LDR  R 

FTPTR 

i  LOAD  PRESENT  POSITION  MS 

0646 

E3CD 

D6 

C4 

LDR  8 

FTPTR+1 

,  ••  "  "  LS 

0647 

E2CF 

DB 

C9 

ADD  8 

FT INCR+1 

i  MOVE  IN  TABLE  MS 

0648 

ESDI 

99 

C8 

ADC  R 

FT  I  NCR 

.  "  "  "  LS 

0649 

E2D3 

97 

C2 

STA  R 

FTPTR 

..STORE  IN  NEW  POSITION  MS 

0650 

E3D5 

D7 

C4 

STB  B 

FTPTR+1 

;  IN  TABLE  LS 

0651 

+ 

0652 

*  TEST  FOR  END 

OF  PULSE  PERIOD 

0652 

* 

0654 

E3D7 

7R 

00C5 

DEC 

NPF'CT 

i  DECR  TOTAL  NO.  OF  PP 

0655 

E2DR 

26 

83 

BNE 

MPPTD2 

,SKIP  IF  MORE  PP  TO  GO 

0656 

E3DC 

72 

6*6*6- 6* 

COM 

F66*DG 

•  SET  60  DEG  FLAG 

0657 

.+• 

0653 

•+■  EVERS'  PULSE 

PERIOD  WILL  OUT 

SET, -'PRESET  OR  NULL 

6*659 

*■  OPERATION  C 

OMMRND  TO  PIB  TO 

SET  UP  FLIP  FLOPS 

0660 

* 

0661 

E3DF 

96 

44 

MPPTD2  LDR  R 

FIACMD 

.;  GET  F'l  A  CMD  D  STATE 

0662 

E2E1 

B7 

5002 

STB  R 

FIA+2 

, START  CONV  TO  CLEAR  DETECT 

6*663 

E2E4 

86 

72 

LDR  R 

#$72 

,  PR/RST-1,  NEW  MUX  ADDR-SPD  CMD 

6*664 

E2E6 

97 

44 

STB  R 

PIRCMD 

..  CLEAR  PI  A  CMD 

0665 

+ 

0666 

*  DISMISS  THE 

INTERRUPT 

6*667 

* 

6*668 

E3E3 

SB 

RTI 

0669 

END 

6*669 

LINES  R 

3SEM6LED,  LOC  =  E2E9,  6*6*00  ERRORS 

DETECTED. 

HMI  6800 

ASM  VI.  1 


PTHS6 

SVMEOL  TABLE 
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SVMBQL 

VALUE 

ATTR 

LOCN 

F  68DG 

00CO 

84 

2AA2 

FTPNW 

00C1 

84 

2AAB 

FTF’TR 

0003 

84 

2AB4 

NPPMD 

00C6 

34 

2ABD 

BSTAR 

00D2 

'34 

2AC6 

SF 

00D0 

84 

2ACF 

PWDOM 

0072 

84 

2AD8 

PWCOM 

00 7 4 

84 

2AE1 

TPP 

0070 

84 

2AEA 

T1 

0078 

84 

2AF3 

T2 

00 7 A 

84 

2  AFC 

T2 

007C 

84 

2B05 

VP  ADD 

00D8 

84 

2B0E 

SFHAX 

0020 

84 

2B17 

SFMIN 

0032 

84 

2B20 

PIACMD 

0044 

84 

2B29 

DOM  ID 

0020 

84 

2632 

DPF 

0022 

84 

2B3B 

J 

0024 

84 

2B44 

FT I NCR 

O0C3 

84 

2B4D 

MONFG 

0051 

84 

2B56 

VSRAW 

003 A 

84 

2B5F 

VSFLG 

O0E7 

84 

2B68 

BPRAW 

004A 

84 

2B71 

FOR  AW 

0028 

84 

LEi7A 

ESTAR 

003C 

84 

2B82 

NPPOT 

00C5 

84 

2  B8C 

FOOT 

004C 

o4 

2B95 

FCMD 

0046 

84 

2B3E 

DIRCMD 

0009 

84 

2BA7 

D I  ROUT 

0010 

84 

2BB0 

MPIER 

2000 

84 

2BB3 

MCAND 

2002 

84 

2BC2 

PROD 

2005 

84 

2BCB 

PI  A 

5000 

34 

2BD4 

PTM1 

4000 

84 

2BDD 

PTM2 

3000 

34 

2BE6 

WLATCH 

2007 

84 

2BEF 

PTIS 

E000 

84 

2BF8 

N0T60 

E055 

84 

2C01 

AA 

E026 

84 

2C0A 

A2 

E041 

84 

2014 

BP  IN 

E07D 

84 

2C1C 

CBPC 

E084 

84 

2C25 

SVPADD 

E09A 

84 

2C-2E 

5FCAL 

E0A0 

84 

2  C  _j-  ( 

SFMNL 

E0CC 

84 

2C40 

SFHSZ 

E0C8 

84 

2049 

SFOK 

E0D0 

84 

2052 

MINDX 

E120 

84 

2C5B 

OTCNTS 

E142 

84 

2064 

DAN1 

E156 

84 

206D 

DAN2 

E15E 

84 

2076 

DAN2 

E161 

84 

207F 

AMI  6800 
ASM  VI.  1 


PTMS6 

SYMBOL  TRELE 


PRGE  0019 


SYMBOL 

VRLUE 

RTTR 

LOOM 

CURT 

E242 

84 

2C88 

CCWRT 

E342 

84 

2091 

EVP  PI 

E2S2 

84 

2C9R 

PHBDOl 

E260 

84 

2CR3 

PHCDOl 

E271 

84 

2CRC 

TMDPT1 

E2BR 

84 

2CB5 

PHBDE1 

E29R 

84 

2CBE 

PHCDE1 

E2RB 

84 

2007 

NMOPT1 

E2CS 

84 

2CD0 

HPPTD1 

E2DF 

84 

2CD9 

EVPP2 

84 

20E2 

PHC002 

E371 

84 

20EB 

PHB002 

ESSO 

84 

20F4 

TM0FT2 

E3BR 

34 

2CFD 

PHC0E2 

E3RB 

84 

2006 

PH60E2 

E39R 

84 

2D0F 

NMDPT2 

E308 

84 

2018 

MPPT02 

E30F 

04 

2021 

tin  l  e-out.’ 
ASM  VI.  1 


SEQ 

LUC  UBJ 

source 

O001 

NHM 

FEEDBHCK  CONTROL  MPU  PRUliRHM 

UU02 

*  MP9 1 ? 

0002 

*  NSKDC 

0004 

FFr  8 

OR  Li 

*FF  F8 

000b 

0001 

LbVMB  1 

000b 

FFF8  FC  00 

i  RuV 

FOB 

fFCLIC 

,  IRQ  VECTOR.-  E+OUTPUT 

000? 

FFFA  F8  00 

SWIV 

FOB 

*F8U0 

,  SMI  VECTOR 

0008 

FFFC  F8  0U 

NM 1 V 

FOB 

IF  8U0 

,  NM I  VECTOR 

0009 

FFFE  F8  00 

RSTV 

FOB 

t-F800 

;  RESET  VECTOR 

0010 

FCD0 

UR  Li 

*FCDU 

0011 

^•CONSTANTS 

FOR  FLTOL 

0012 

0013 

*  FI LIEF 

OF 

FORM  -  cs+wi;/ 

;S+W2> 

0014 

+■  -  WHERE 

Ml  =  "ZERO"  0T 

180  HZ. 

0015 

M2  =  "POLE"  0 T 

O.  18  HZ. 

001b 

001? 

+  VBLUES  CALCULATED  FOR  DELT0  T  =  6.  0  MS. 

0018 

FCD0  3F  EE 

00DD 

FOB 

16366 

; R  OONSTRNT  CO.  998920583 > 

0019 

FC02  DO  CD 

B0DD 

FOB 

-8835 

;B  OONSTRNT  >:.-0.  5392?5> 

0020 

FC04  22  80 

CHDD 

FOB 

88832 

;  0  OONSTRNT  <0.  5390631?> 

0021 

*•  DEFINITIONS  REQUIRED  FOR 

SIJBROU  T I NES-S:  PROGRRM 

0022 

+ 

0023 

0001 

FREQ 

EQU 

*0001 

, FREQUENCV  RDDRESS 

0024 

0002 

I Q0D 

EQU 

*0002 

.1  IQ  RDDRESS 

0025 

0003 

VDAD 

EQU 

*0003 

VD  RDDRESS 

0026 

0004 

VQ0D 

EQU 

*0004 

, VQ  RDDRESS 

002? 

0005 

IO0D 

EQU 

*0005 

,  ID  RDDRESS 

0028 

0012 

ERMT 

EQU 

*0012 

ERROR  MS  BVTE 

0029 

0013 

ERLT 

EQU 

*0013 

, ERROR  LS  BVTE 

0030 

0000 

LLS 

EQU 

*00000 

.;  LRTCH  ERROR  LS  BVTE 

0031 

B000 

LMS 

EQU 

*06000 

.;  LRTCH  ERROR  MS  BVTE 

0032 

0012 

MPRM 

EQU 

*12 

; MULTIPLIER  MS  BVTE 

0033 

0013 

MPRL 

EQU 

*13 

>  MULTIPLIER  LS  BVTE 

0034 

0010 

MPDM 

EQU 

*10 

;  MULTI  PH  ORND  MS  BVTE 

0035 

0011 

MPDL 

EQU 

*11 

.;  MULTIPLICAND  LS  BVTE 

0036 

0011 

RDDL 

EQU 

*11 

>  ADDEND  LS  BVTE 

0O3? 

0010 

0DDH 

EQU 

*10 

,  ADDEND  MS  BVTE 

0038 

0013 

SUML 

EQU 

*13 

i  SUM  LS  BVTE 

0039 

0012 

SUMM 

EQU 

*12 

; SUM  MS  BVTE 

0040 

00FD 

R0DD 

EQU 

*0FD 

i  R*  CORRECTION  K-MS  RDDR 

0041 

00FE 

KRDD 

EQU 

*0FE 

, 2*P I *F*L1  RDDR  MS  BVTE 

0042 

0010 

PROD 

EQU 

MPDM 

;  MS  BVTE— PRODUCT 

0043 

•+PRODUO  T 

IS 

4  BVTES  FROM  PROD  TO  PROD+3 

0044 

0010 

DIFF 

EQU 

MPDM 

DIFFERENCE  MS  BVTE 

0045 

+  DIFFERENCE 

IS  2  OR  4  BVTES  FROM  DIFF  TO  DIFF+3 

0046 

0032 

EST0R 

EQU 

*32 

, E+  AFTER  FLXCL  032, 33 

004? 

0021 

0XHS 

EQU 

*21 

;  R*XN  BVTES C 21-25 > 

0048 

0026 

BUN1M 

EQU 

*26 

;B*UN1  MS  BVTES 

0049 

0028 

BUN1LM 

EQU 

*28 

;  B+UN1  LS  MID  &  LS 

0050 

0020 

OUNM 

EQU 

*2R 

>  C*UN  MS  BVTES 

0051 

0020 

CUNLM 

EQU 

*20 

> C*UN  LS  MID  &  LS 

0052 

0032 

UNI 

EQU 

*32 

>  UN+1  2  BVTES 

0053 

004? 

XN 

EQU 

*4? 

;  XN  -  3  BVTES 

0054 

0034 

UN 

EQU 

*34 

UN  -  2  BVTES 

0055 

0020 

CMB 

EQU 

OUNM 

>  C+UN-B+XN1 

to  A- 


005b 

0026 

XN1T 

EQU 

BUN1M 

, XN1  TEMPORARY  LOG 

©057 

0040 

ULDF 

EQU 

148 

OLD  FREQ  VALUE 

0058 

0041 

NEWF 

EQU 

141 

, NEW  FREQ  VALUE 

0059 

0043 

1  MCN'f 

EQU 

143 

, TIME  INTERVAL  TWEEN  ERRST'S 

0061  ++++  SCALING  COMMENTS  FOR  PROGRAM  ++++ 

0062  +  EXISTING  LOHO  TRIAL 

0062  +WORD  SCHUNG  INTERNAL  TO  PROGRAM 

0064  + 

0065  *******:+;*foRMATS++++++ 

0066  + 


006V 

*  B 

B  B 

B 

B  B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0063 

+21 

20  29 

23 

27  26 

25 

24 

22 

22 

21 

20 

19 

18 

17 

16 

0065 

+  B 

B  B 

B 

B  B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0070 

+15 

14  12 

12 

11  10 

09 

08 

07 

06 

05 

04 

02 

02 

01 

00 

0071 

+ 

0072 

+VD 

&  VO 

0072 

+S 

64  22 

16 

3  4 

2 

1. 

0 

0 

0 

0 

0 

0 

0 

0 

1  0074 

+  10 

&1Q 

0075 

+S  123  64 

22 

16  8 

4 

0  . 

0 

0 

0 

0 

0 

0 

0 

0076  + 


AM I  6800 
-  ASM  VI.  1 

"  SEQ  LOC  OBJ 


FEEDBACK  CONTROL  HPU  PROG 
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SUURCE 


W0  78 

4- 

'  0079 

F  800 

URU 

$F8UQ 

0080 

•+■  iNITlHLIZl 

AT I ON  SEQUENCE 

•::ALL  vectors  point  here) 

'  0081 

4- 

EuUENCE 

ACCOMPLISHES  THE  FOLLOWING  : 

.8082 

4: 

0083 

4- 

STACK  I 

POINTER.  SET  TO 

TOP  OF  RAM  < ADDR  =  02FF> 

0084 

4- 

PIA  IS 

SI 

ET  UP 

0085 

4- 

PA  = 

INPUTS  < A/D'S 

OR  FREQ) 

•0086 

* 

PB  « 

OUTPUTS 

008V' 

* 

PB 

INITIAL  VALUES 

PB7-PB4  =  0;  NO  A/D  INPUTS 

0088 

4- 

PB1  =  1  NO  FREQ  INPUT 

0089 

4: 

PB0  =  0  NO  START  CONV  i 

0090 

♦ 

ERROR  1 

-ATCH  SET  AT  ALL  "0'S" 

'  0091 

* 

.0092 

* 

0092 

4- 

,.0094 

F  8O0 

3E 

02FF 

I START  LDS 

#$02FF 

,  SET  TOP  OF  STACK 

0095 

F802 

8b 

00 

PAS 

LDA 

A 

#$00 

;  SET  CRA  WORD;  DDRA  CHOSEN 

'0096 

F805 

CE 

0000 

LDX 

#$0000 

;  START  ADDR 

009 7 

F808 

A7 

00 

PAS1 

STA 

A 

0,  8 

,  CLEAR  RAM  BYTE 

'  'O098 

F30R 

08 

I  NX 

,  INCR  BYTE  COUNT 

,0099 

F80B 

SC 

0100 

CPX 

#$0100 

,  TEST  FOR  LAST  ADDR 

0100 

F80E 

26 

F8 

BNE 

PAS1 

;  BRANCH  FOR  MORE  ADDR 

* ~ 0101 

F810 

B7 

D001 

STA 

A 

$D001 

;  STORE  IN  CRA,  DDRA  ENABLED 

0102 

F812 

B7 

D000 

STA 

A 

$D0O0 

;  MAKE  PA  ALL  INPUTS 

0102 

F816 

86 

04 

LDA 

A 

#$04 

;  SET  CRA  WD, PRA  CHOSEN 

0104 

F818 

B7 

D001 

STA 

A 

$0001 

;  ENABLE  PRA  FOR  READ 

0105 

F81B 

86 

00 

PBS 

LDA 

A 

#$00 

,  SET  CRB  WD,  DDRB  CHOSEN 

-0106 

F81D 

B7 

DO02 

STA 

A 

$D002 

;  SET  CRB,  DDRB  ENABLED 

0107 

F320 

86 

FF 

LDA 

A 

#$FF 

>  SET  DDRB  WD 

-'0108 

F822 

B7 

D002 

STA 

A 

$D002 

;  SET  DDRB  TO  ALL  OUTPUTS 

0109 

F825 

86 

04 

LDA 

A 

#$04 

;  SET  CRB  WD,  PRB  CHOSEN 

0110 

F827 

BY 

D002 

STA 

A 

$D002 

;  STORE  IN  CRB,  PRB  ENABLED 

-  0111 

F82A 

86 

02 

LDA 

A 

#$02 

;  LD  PRB  WD 

0112 

F82C 

B7 

D002 

STA 

A 

$D002 

;  SET  PRB  C NO THING  GOING) 

0112 

F82F 

86 

00 

EVS 

LDA 

A 

#$00 

;  SET  IN IT  ERROR  VALUE 

0114 

F321 

B7 

B000 

STA 

A 

LMS 

> STORE  ERROR  WD  MS  6 

0115 

F824 

B7 

C000 

STA 

A 

LLS 

;  STORE  ERROR  WD  LS  6 

0116 

F827 

86 

FE 

LDA 

A 

#KADD 

,  LD  CONSTANT  ADDR  MSB 

0117 

F829 

97 

00 

STA 

A 

$00 

,  STORE  ADDR 

-  *0118 

F82B 

86 

01 

LDA 

A 

#$01 

i  LD  TIME  INTERVAL  LS 

0119 

F82D 

97 

44 

STA 

A 

TMCNT+1 

,  STORE  LS  OF  INTERVAL 

'  0120 

F82F 

0E 

CL  I 

>  CLEAR  INT  MASK 

AMI  6800  FEEDBACK  CONTROL  HPU  PROG  PAGE  0005 

ASM  VI.  1 

SEQ  LOC  OBJ  SOURCE 


0122 

MAIN  SEQUENCE  PROGRAM 

0122 

* 

INPUT  OF  DATA  <F,  VD, 

ID,  VQ,  IQ>  IS 

;  FIRST 

■9  « 

0124 

4- 

FLUX  CALCULATION  IS 

NEXT 

0125 

+. 

FILTER  CALCULATION  IS  THIRD 

-  * 

0126 

* 

OUTPUT  OF  DATA  WORD 

IS  FINAL  OPERATION 

l 

0127 

* 

LOOP  BACK 

TO  INPUT 

NEXT  SAMPLE 

0128 

•i- 

-  . 

0129  F840 

BD 

F85F 

INPUT  JSR 

INP 

;  JSR 

INPUT  ROUTINE 

ffiEG@IBN42 

BL¬ 

FB41 

JSR 

RECTFV 

>  JSR 

RECTIFY  ID  FOR  OVERLOAD 

Pv.c 

0121  F846 

ED 

F9CA 

JSR 

FLTCL 

j  JSR 

FILTER  CALCULATION 

0122  F849 

BD 

FAD? 

JSR 

ERRST 

>  JSR 

OUTPUT  ROUTINE 

0122  F84C 

7E 

F840 

JMP 

INPUT 

;  JUMP 

&  CONTINUE 

0124 

* 

0125 

GLOBALS  ARE  : 

0126 

* 

INP  - 

INPUT  ROUTINE 

0127 

* 

FLXCL 

-  FLUX  ROUTINE 

0128 

* 

FLTCL 

-  FILTER 

ROUTINE 

0129 

ERRST 

-  ERROR 

WORD  OUTPUT 

ROUTINE 

T 

AMI  63Q0  FEEDBACK  CONTROL  MPU  PROG  PAGE  0606 

-  ASM  VI.  1 

'  SEQ  LOC  OBJ  SOURCE 

0141  * 

0142  ************  SUBROUTINES  **************** 


0143 

0144 

■¥ 

INP  < 

INPUT  OF 

FREQ,  VOLTAGE,  «  CURRENT) 

0145 

* 

<. 

F.-  VD,  VO, 

ID,  IQ) 

0146 

* 

READS 

FREQ  IN 

PA 

014  ? 

•¥ 

DOES  A 

/O  CONVERSION 

0148 

¥ 

STORES 

ALL  VALUES  DIRECT 

0149 

¥ 

MEMOR 

V  where 

VALUES  STORED  IS  : 

0150 

'•¥■ 

ADDR 

CONTENTS 

0151 

■¥ 

0000 

"FE" 

0152 

* 

0001 

F 

0153 

•¥ 

0002 

IQ 

0154 

0003 

VD 

0155 

* 

0004 

VQ 

0156 

♦ 

0005 

ID 

015? 

* 

0158 

CONTROL  OF  PIH 

IS  VIA  PORT  B 

0159 

THESE 

WORDS  ARE  RECOGNI 

ZED  * 

0160 

♦ 

B?  86 

B5  B4  B3 

B2  B1  B0 

0161 

+ 

0  0 

0  0  X 

X  1  0 

RESET  VALUE 

0162 

0  0 

0  0  X 

X  1  1 

START  CONVERSION 

0163 

* 

0  0 

0  1  X 

X  1  0 

READ  IQ 

0164 

* 

0  0 

1  0  X 

X  1  0 

READ  VD 

0165 

+ 

0  1 

0  0  X 

X  1  0 

READ  VQ 

0166 

¥ 

1  0 

0  0  X 

X  1  0 

READ  ID 

016? 

* 

0  0 

0  0  X 

X  0  0 

READ  FREQUENCV 

0168 

* 

0169 

*F 

AT  INPUT  IS  B6 

B5  B4  B3 

B2  B1  X  X 

01  ?0 

*** 

*' 01T1 

F85F 

OF^G 

$F85F 

01  ?2 

0055 

FZFG 

EQU 

$55 

;  FREQ  =0  FLAG 

01F3 

F85F 

86 

00 

INP 

LDA 

A 

#$00 

LD  READ  FREQ  WD 

.  01?’ 4 

F861 

B? 

D002 

STA 

A 

$0002 

STORE  IN  PRB 

01  ?5 

F864 

B6 

D000 

LDA 

A 

$D000 

READ  FREQ  IN  PR  A 

01?6 

F86? 

43 

COM 

A 

; F  WAS  INVERTED 

01?? 

F868 

44 

LSR 

A 

;  SCALE  FREQUENCV 

01?8 

FS69 

44 

LSR 

A 

; SCALE  FREQUENCV 

01?9 

♦TEST 

FOR  FREQ’ 

=0,  IF  VES 

HOLD  E*=0  TO  FILTER 

0180 

F86A 

81 

00 

CMP 

A 

#$00 

; TEST  FOR  F=0 

• -0181 

F86C 

26 

06 

BNE 

CNF  I 

;  BRANCH  IF  NOT  0 

0182 

F86E 

C6 

01 

LDA 

B 

#$01 

i  ESTABLISH  FLAG  VALUE 

0183 

F8?0 

D? 

55 

STA 

B 

FZFG 

,  SET  FLAG 

..0184 

F8?2 

20 

03 

BRA 

CNF  11 

i  BRANCH  TO  CONT  INP 

0185 

F8?4 

7F 

0055 

CNF  I 

CLR 

FZFG 

j  RESET  F=0  FLAG 

-  - 0186 

F8?? 

97 

41 

CNF  11 

STA 

A 

NEWF 

;  STORE  NEW  FREQ 

018? 

F8?9 

88 

06 

SUB 

A 

#06 

,  GEN  F  OFFSET 

—  0188 

F8?B 

2A 

02 

BPL 

GT6 

i  BRANCH  IF  >6 

..SIS* 

F8?D 

86 

00 

LDA 

A 

#$00 

; LD  MIN  0FFSET=6HZ 

0190 

F8?F 

48 

GT6 

ASL 

A 

POSITION  OFFSET 

m0191 

F880 

SB 

06 

ADD 

A 

#06 

FREQ  POINTER 

*  0192 

F  882 

97 

01 

STA 

A 

FREQ 

,  STORE  VALUE 

"*0193 

F884 

86 

03 

LDA 

A 

#$03 

>  SET  START  CONV  WD 

0194 

F886 

C6 

02 

LDA 

B 

#$02 

>  SET  SC  TURN  OFF  WD 

I 


10* 


fiMI  8800 
ASM  VI.  1 


FEEDBfiCK  CONTROL  MPU  PROG 


PfiGE  0007 


SEQ  LOG  OBJ 

0195  F888  67 
0198  F88B  F7 
019  7  F88E  88 
0198  F890  C8 
0199  FS92  5fi 
0280  F893  28 
0201  F895  B7 
0202  F898  F8 
0203  F89B  Co 
0204  F890  D7 
0205  F89F  88 
02O8  FSfil  B7 
0207  FSfi 4  F8 
0208  F8A7  C8 
0209  F8fi9  07 
0210  FSfiB  88 
0211  FS'fiD  B7 
0212  F8B0  F8 
0213  F8B3  C8 
0214  F8B5  07 
0215  F8B7  88 
0218  F8B9  B7 
0217  F8BC  F8 
0218  F3BF  C8 
0219  F8C1  07 
0220  F8C3  88 
0221  F8C5  B7 
0222  F3C8  88 
0223  FSCfi  97 
0224  F8CC  39 


SOURCE 

0002 

0002 

12 

18 

HOLOOP 

FO 

0002 

0000 

7F 

02 

cLcL 

0002 

OO00 

7F 

03 

42 

0002 

0000 

7F 

04 

82 

OO02 

0000 

7F 

05 

02 

0002 

FE 

00 


SIR 

H 

10002 

ST  A 

B 

1OO02 

LOH 

R 

#112 

LOR 

B 

#118 

DEC 

B 

BNE 

AOLOOP 

STA 

A 

1OO02 

LOA 

B 

10*000 

EOR 

B 

#17F 

STR 

B 

IQAO 

LOA 

A 

#122 

STA 

A 

1O0O2 

LOA 

B 

10000 

EOR 

B 

#!7F 

STR 

B 

VC'fiO 

LOA 

A 

#142 

STA 

A 

10002 

LOA 

e 

10000 

EOR 

B 

#17F 

STR 

B 

VQAD 

LOH 

A 

#182 

STA 

A 

10002 

LOA 

B 

10000 

EOR 

B 

#!7F 

STA 

B 

I  DAO 

LOA 

A 

#102 

STA 

A 

10002 

LOA 

A 

#1FE 

STA 

A 

10000 

RTS 


,  SET  SC  IN  PRB 
, TURN  OFF  SC 
,  LO  RErtO  IQ  WO 
,  LO  LOOP  CNF<. MUST  >  80M 
OECR  LOOP  CNTcMAIT  ON  fi/ 
,  JUMP  IF  fi/O  NOT  OONE 
;  ENABLE  IQ  AT  PRA 
^  LO  I Q 

>  2  S  COMPL  I Q 
,  STORE  IQ 
;  LO  REAO  VO  WORD 
,  ENBB  VO  AT  PRA 
,  LO  VO 

i2'S  COMPL  VO 
, STORE  VO 
;  LO  REAO  VQ  WORD 
i  ENAB  VQ  AT  PRA 

;  LO  VQ 

i  2 ' S  COMPL  VQ 
STORE  VQ 
LO  REAO  10  WORD 
, ENAB  10  AT  PRA 
,  LO  10 

;2'S  COMPL  ID 
, STORE  ID 

,  LO  RESET  VALUE  TO  fi/O 
j RESET  fi/O  ENABLES 
LO  K1  MS  AOOR 
;  STORE  K1  MS  AOOR 


Uo 
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AMI 

0800 

ASM 

VI.  1 

SEQ 

LOC  OBJ 

SOURCE 

0228 

0227 


4  4- 4- 4- 4- 4: 4: 4- 44-44  F  L  X  CL  *  4 4444: 4 4  4  4  4. 4 


0228 

TRIES  TO 

use  common  section  of  ram 

y229 

:+ 

FOR  CALCULATION 

02SO 

* 

SEQUENCE 

OF  OPERATIONS 

IS  : 

0251 

LOOK  UP 

24P I 4L4F 

0252 

4 

Kl4lu  = 

PI 

3233 

VD-P1  = 

SI 

0254 

* 

SI  +  It!  = 

P2  STORED  AT 

0020,  0021 

0255 

K1+1D  = 

P5 

025b 

♦ 

VQ+P5  = 

!z*2 

0257 

* 

S241D  = 

P4 

0258 

* 

P2-P4  ^ 

2WX 

02 5 y 

4 

WXM=KVD 

-K14 1 Q > IQ- C  VQ+K1* 1 D  > I D 

0240 

0241 

* 

R— WX  = 

ERR  STORED  AT 

0010,  U011 

0242 

4  THIS  SECTION  DOES  PI,  SI,  P2 

0245 

P  8D0 

ORG 

4F8D0 

0244 

F8D0 

DE 

00 

FLX 

CL  LDX 

40000 

; LD  K1  ADDRESS 

0245 

F8D2 

Ac. 

00 

LDA 

A  0,  X 

LD  K1  MS 

0246 

F8D4 

E6 

01 

LDA 

B  1,  X 

.;  LD  K1  LS 

0247 

0248 

:+c 

*K1 

FORMA  T 

GRANGE  F— 6— 60, 

0.  05763-0.  5763  > 

.0243 

* 

Ll  ASSUMED  =  1.  0  MILLIHENRIES 

0250 

+B1 

5  B14  Bi: 

5  B12  Bll  Bl© 

B3  B8  B7  B6  B5  B4  B5  B2  Bl  B0 

0251 

1  .  .  ! 

J  .  A  «x. 

a  X  X  X  X  A  X  X  X  X 

0252 

4 

0255 

F8D6 

36 

AB 

F'SH 

A 

,  TEMP  STORE  K1  MS 

0254 

FSD7 

57 

PSH 

B 

, TEMP  STORE  K1  LS 

0255 

4pl 

CALCULATION 

0256* 

F8D8 

97 

10 

STA 

A  MF'DM 

,  STORE  K1  FOR  MULT 

0257 

F8DA 

D7 

11 

STA 

B  MPDL 

,  STORE  K1  LS  FOR  MULT 

0258 

F8DC 

C6 

00 

LDA 

B  #400 

>  LD  IQ  LS  BVTE 

0253 

F8DE 

36 

02 

LDA 

A  I QAD 

i  LD  IQ  MS 

0260 

F8E0 

37 

12 

PIQ 

STA 

A  MPRM 

,  STORE  IQ  FOR  MULT 

0261 

F8E2 

D7 

15 

STA 

B  MPRL 

,  STORE  IQ  LS 

0262 

F8E4 

BD 

FB58 

AC 

JSR 

MPV16 

,  DO  K14IQ 

0265 

0264 

4  K14IQ  FORMAT 

0265 

+■ 

B51  B50  1 

B23  B28  B27  B2 

6 - B01  BOO 

0266 

4 

S  S 

S  S  64  5 

. 

0267 

* 

0268 

4P1 

DONE,  SCALE  USES  PROD 

AND  PROD+1  FOR  PI  AFTER  SCALING 

.0263 

F8E7 

86 

82 

LDA 

A  #02 

.;  LD  LOOP  COUNT 

0270 

F8E3 

78 

0012 

SCP1  ASL 

PROD+2 

,  SHIFT  LS 

-0271 

F8EC 

73 

0011 

ROi_ 

PRUD+1 

; SHIFT  MID  BVTE 

0272 

F8EF 

73 

0010 

ROL 

PROD 

,  SHIFT  MS 

”0275 

F8F2 

4A 

DEC 

A 

;  DECR  LOOP  CNT 

0274 

F8F5 

26 

F4 

BNE 

SCP1 

,  BRANCH  FOR  MORE  SCALING 

0275 

F8F5 

36 

10 

LDA 

A  PROD 

i  LD  PI  MS 

.0276 

F8F7 

D6 

11 

LDA 

B  PROD+1 

,  LD  PI  LS,  TRUNCATES 

0277 

F8F3 

45 

COM 

A 

,  SET  -K14IQ  MS 

*0278 

0273 

F8FA 

55 

4 

COM 

B 

,  SET  -K14IQ  LS 

HI 


f* 
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SOURCE 


0281 

•+•  S  128  64  32  16  8  4  2 

1  .  .  5  .  25  X  X  X  X - > 

-  • 

0282 

•+•  RANGE  <0.  0 - >96.  X> 

0283 

+ 

0284 

F8FB 

3  7  ‘ 

10 

STA  A  AD DM 

.•  STORE  PI  MS,  FOR  ADD 

0285 

F8FD 

D7 

11 

STA  B  ADDL 

; STORE  PI,  LS 

0286 

F8FF 

C6 

00 

LDA  B  #$08 

,  LD  VD  LS  BVTE 

0287 

F901 

96 

03 

LDA  A  VDAD 

J LD  VD  MS 

0288 

*  SCALING  OF  VD,  MOVE  RIGHT  1  PLACE  ,  K+ID  MATCH 

0289 

F903 

47 

CVD  ASP.  A 

,  MOVE  MS  1  PLACE 

0290 

F904 

56 

ROR  B 

,  MOVE  LS  1PLACE 

0291 

F905 

0D 

SEC 

i SET  CRV  FOR  SUBT 

0292 

* 

0293 

*  VD  FORMAT  ADJUSTED 

0294 

*•  S  S  64  32  16  8  4  2  1 

.  5  .  25  X  X  X  X 

0295 

*  RANGE  <+/-  128 > 

0296 

* 

0297 

+D0  <  VD-K1+ I Q  TRUNCATES  TO  16  BITS 

0293 

F906 

BD 

FB8D 

AD  JSR  ADD16 

DO  VD+P1 

0299 

*S1  DONE 

0300 

*  SI  FORMAT  SAME  AS  VD 

ADJUSTED 

0301 

F909 

C6 

00 

LDA  B  #$08 

;  LD  IQ  LS 

0302 

F90B 

96 

02 

LDA  A  IQ AD 

i  LD  IQ  MS  FOR  ADD 

0303 

F90D 

97 

10 

SIC  STA  A  MPDM 

, STORE  VD  MS  FOR  MULT 

0304 

F90F 

D7 

11 

STA  B  MPDL 

; STORE  VD  LS 

0305 

+D0  <VD~K1*IQ>*IQ 

0306 

F911 

BD 

FB58 

JSR  MPV16 

i DO  IQ* SI 

03O7 

♦ 

0308 

*  VL'— Kl+: I Q +■  I Q  FORMAT 

-  32  BITS 

0309 

*  S  X  X  X  X  X  X  X  8  4 

21.  .  5  .  25  X  X  X - >LSB 

0310 

* 

0311 

+P2  DONE,  STORE  P2  FOR 

LATER  USE 

0312 

F914 

96 

10 

LDA  A  PROD 

; LD  P2  MS 

0313 

F916 

D6 

11 

AE  LDA  B  PROD+1 

;  LD  P2  LS 

0314 

F918 

97 

20 

STA  A  $28 

; STORE  P2  TEMP 

0315 

F91R 

D7 

21 

STA  B  $21 

STORE  P2  MS  MID  TEMP 

0316 

F91C 

96 

12 

LDA  A  PROD+2 

.:  LD  F'2  LS  MID 

0317 

F91E 

D6 

13 

LDA  B  PROD+3 

LD  P2  LS 

0318 

F920 

97 

22 

STA  A  $22 

;  STORE  P2  LS  MID 

0319 

F922 

D7 

23 

STA  B  $23 

;  STORE  P2  LS 

0320 

*  SECTION  DOES  P3,  S2,  & 

P4  CALCULATION 

0321 

F924 

S3 

AF  PUL  B 

,  PULL  K1  LS 

0322 

F925 

32 

PUL  A 

PULL  K1  MS 

0323 

*P3  CALCULATION 

0324 

F926 

97 

10 

STA  A  MPDM 

; STORE  K1  FOR  MULT 

0325 

F92S 

D7 

11 

STA  B  MPDL 

^  STORE  K1  LS  FOR  MULT 

- 

0326 

F92A 

C6 

00 

LDA  B  #$08 

;LD  ID  LS 

0327 

F92C 

96 

05 

LDA  A  I DAD 

;LD  ID  MS 

-  * 

0328 

F92E 

97 

12 

PID  STA  A  MPRM 

;  STORE  ID  FOR  MULT 

0329 

F930 

D7 

13 

STA  B  MPRL 

.;  STORE  ID  LS 

0330 

F932 

BD 

FB58 

JSR  MPV16 

.;  DO  K1*ID 

.  , 

0331 

♦ 

0332 

*  K1*ID  FORMAT 

0333 

*  B31  B38  B29  B28  B27 

B26 - B01  B00 

0334 

*  S  S  S  S  64 

32 . 

*  * 

III 

- - -  - . .  .  - - — 

- 
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SEQ 

LOC 

OBJ 

SOURCE 

0335 

•+■ 

0336 

*P3  DONE,  SCALE 

UbEs  PROD+1  AND  PROD+2  FOR  P3 

033? 

F935 

86 

02 

LDA  A 

#02 

,  LD  LOOP  COUNT 

"  0338 

F93? 

?8 

0012 

SCP3  HSL 

PROD+2 

.;  SHIFT  LS 

0339 

F93A 

?9 

0011 

ROL 

PROD+1 

, SHIFT  MID  BYTE 

0340 

F93D 

?9 

0010 

ROL 

PROD 

i  SHIFT  MS 

0341 

F940 

4A 

DEC  A 

,  DECR  LOOP  CNT 

0342 

F941 

ci6 

F4 

BNE 

SCP3 

,  BRANCH  FOR  MORE  SCALING 

0343 

F943 

96 

10 

LDA  A 

PROD 

, LD  P3  MS 

0344 

F945 

D6 

11 

LDA  B 

PROD+1 

; LD  P3  LS,  TRUNCATES 

0345 

+ 

0346 

*  Kl+ID  FORMAT 

-ADJUSTED 

034? 

•+•  S  12B  64  32 

16  8  4  2 

1  .  .  5  .  25  X  X  X  X - > 

0348 

•+■  RANGE  <  0.  0 — 

— >96.  a> 

0349 

.+. 

0350 

F94? 

9? 

10 

STA  A 

ADDM 

:■  STORE  P3  MS,  FOR  ADD 

.  0351 

F949 

D? 

11 

STA  B 

ADDL 

,  STORE  P2,  LS 

0352 

F94B 

C6 

00 

LDA  B 

#$00 

.;  SET  VQ  LS=  O 

0353 

F94D 

96 

04 

LDA  A 

VQAD 

,  LD  VQ  MS 

0354 

*  SCALING  OF  VQ,  MOVE  RIGHT  1  PLACE  ,  K+IQ  MATCH 

'  0355 

F94F 

4? 

CVQ  HbR  A 

,  MOVE  MS  1  PLACE 

0356 

F350 

56 

ROR  B 

,  MOVE  LS  1PLACE 

0  j>5? 

F351 

0C 

CLC 

, CLEAR  CRY  FOR  ADD 

-  0358 

+- 

0359 

+■  VQ  FORMAT  AD 

JUSTED 

0360 

*  S  S  64  32  16 

8  4  2  1 

.5  .25  X  X  X  X 

0361 

■+■  RANGE  '•.+/—  1 

28  > 

0362 

■+: 

0363 

•♦■DO  VQ+K1+  I D  > 

.  TRUNCATES  TO  16  BITS 

0364 

F952 

BD 

FB8D 

JSR 

ADD16 

,  DO  VQ+P3 

0.>65 

•+S2  DONE 

0366 

F955 

C6 

00 

LDA  B 

#$00 

,i  LD  ID  LS 

036? 

F95? 

96 

05 

LDA  A 

IDAD 

,  LD  ID  MS  FOR  ADD 

0368 

F959 

9? 

10 

SID  STA  A 

MPDM 

STORE  VQ  MS  FOR  MULT 

0369 

F95B 

D? 

11 

STA  B 

MPDL 

, STORE  VQ  LS 

03  ?0 

♦  DO  C  VQ+K1-+ 1 D  > 

♦  ID 

03  ?1 

F95D 

BD 

FB53 

-JSR 

MPV16 

.;  DO  ID+S2 

03  ?2 

03?3 

+•  <  VQ+K1+ 1 D  > +  I D  FORMAT 

-  32  BITS 

03  ?4 

i  A  A  A  A  A 

a  X  8  4 

2  1.  .  5  .  25  X  X  X - >LSB 

-  03  ?5 

* 

03  ?6 

*  SECTIUN  DOES 

P2-P4  <3 

2  bits;- 

03?? 

F360 

96 

23 

AK  LDA  A 

$23 

;  LD  P2  LS 

„ *  03 ?8 

F362 

D6 

22 

LDA  B 

$22 

,  LD  P2  LS  MID 

03?9 

F964 

90 

13 

SUB  A 

DIFF+3 

; P2LS-P4LS 

*  0380 

F966 

D2 

12 

SBC  B 

DIFF+2 

0381 

F368 

9? 

13 

AL  STA  A 

DIFF+3 

>  STORE  P2LS-P4LS 

““0382 

F96A 

D? 

12 

STA  B 

DIFF+2 

;  STORE  P2LS,  MID-P4LS,  MID 

,  0383 

F96C 

96 

21 

LDA  A 

$21 

;  LD  P2  MS  MID 

0384 

F96E 

D6 

20 

LDA  B 

$20 

^  LD  P2  MS 

« • 03b5 

F9F0 

92 

11 

SBC  A 

DIFF+1 

, P2MS,  MID-P4MS,  MID 

0386 

F9F2 

D2 

10 

SBC  B 

DIFF 

,  P2MS-P4MS 

0j>8c 

F9?4 

9? 

11 

AM  STA  A 

DIFF+1 

.;  STORE  P2MS,  MID-P4MS,  MID 

0388 

F9?6 

07 

10 

STA  B 

DIFF 

;  STORE  P2MS-P4MS 

7" 0389 

*  WX  IS  32  BITS  NOW  AT 

0010  THRU  0013 

AMI  6800 
ASM  VI.  i 
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segj 

LOC 

OBJ 

SOURCE 

0390 

+• 

©391 

•+■  SECTION  ADJU 

STS  2MX  FOR  16  BITS  OF  ACCURACY 

0392 

*  PRIOR  TO  "R 

"  CORRECTION 

0393 

;+-  WX  I  UN  I F I  LhiNL'E  I  — - 

DIFF  AND  DIFF+1 

0394 

•+•  R>  &  WX  FORMAT  lb  16 

BITS 

0395 

b  16K  8K  4K. 

2k  IK  512 

256  128  64  32  16  8421 

0396 

0397 

•+  +  +■  I  P03 1  T  I VE  :++-;+:+: 

*:  * :+:  +.  ■+. 

0398 

* 

0399 

+•++  TEbT2  SCALING  OF  WX 

,  MOVE  LEFT  2  PLACES 

0400 

F978 

96 

55 

WXCOR  LDA  A 

F2FU 

/  LD  F=0  FLAG 

0401 

F97A 

cL  i‘ 

OE 

BED 

SCWX 

,  BRANCH  IF  F  NOT 

0 

0402 

F97C 

4F 

CLR  A 

04O3 

F97D 

97 

32 

STA  A 

ESTAR 

,  CLR  ESTAR  MS 

0404 

FS7F 

97 

-i-3 

STA  A 

ESTAR+1 

,  CLR  ESTAR  LS 

0405 

F9S1 

97 

34 

sta  A 

UN 

0406 

F983 

97 

35 

STA  A 

UN+1 

0407 

F985 

97 

47 

SI  A  A 

XN 

,  CLR  XN  MS 

0408 

F937 

97 

48 

STA  A 

XN+1 

>  CLR  XN  LS 

0409 

F989 

39 

RTS 

,i  RETURN  FROM  SUBR 

0410 

F9Sfi 

C6 

01 

SCWX  LDA  B 

#401 

,  SET  BIT  COUNT  FOR  LOOP 

0411 

F98C 

78 

0013 

SCWX1  ASL 

DIFF+3 

,  MOVE  LS  LEFT  1 

0412 

F98F 

79 

0012 

ROL 

DIFF+2 

,  MOVE  MID-LS  LEFT  1 

0413 

F992 

79 

0011 

ROL 

DIFF+1 

■MOVE  MID-MS  LEFT  1 

0414 

F995 

79 

0010 

ROL 

DIFF 

i  MOVE  MS  LEFT  1 

0415 

F99S 

5A 

DEC  B 

,  DECR  BIT  COUNT 

0416 

F999 

26 

FI 

BNE 

SCWX1 

>  BRANCH  FOR  MORE  SCALING 

0417 

:+• 

0418 

*  MODIFIED  3-3 

0— 

0419 

*  FILTERS  WX 

BEFORE  SUBTRACTING  R*,  CLAMPS  WX> 

0420 

+ 

0421 

F99B 

96 

10 

LDA  A 

DIFF 

, GET  WX  MS 

0422 

F99D 

D6 

11 

LDA  B 

DIFF+1 

.■  GET  WX  LS 

0423 

F99F 

43 

COM  A 

, COMPLEMENT 

0424 

F9A0 

53 

COM  B 

0425 

F9A1 

81 

21 

CMP  A 

#421 

.1  CLAMP  TO  PREVENT  FILTER 

O/F 

0426 

F9A3 

2D 

02 

BLT 

NOCLMP 

0427 

F9A5 

8b 

20 

LDA  A 

#420 

0428 

F9A7 

97 

32 

NOCLMP  STA  A 

ESTAR 

> STORE  FOR  FILTER 

0429 

F9A9 

D7 

33 

STA  B 

ESTAR+i 

0430 

F9AB 

39 

RTS 

0431 

+ 

0432 

*  END  OF  MODIFICATION 

0433 

* 

O  *4  5 
0456 

0437-’ 
ti45fci 
0i  4  5 '3 
04401 
0441 
0442 
0443 
01444 
0445 
0446 
0447 
0448 
0448 
0450 
0451 
0452 
3455 
3454 
01455 
0456 
0457 
0458 


*********  FLTCL  ********* 

*  FILTER  CALCULATION 

PERFORMS  S+A/S+B  FILTER;  HLuOR 1 1  HM 
DONE  FOR  EVERV  INPUT  VALUE 
i  NF'IJ  f  IS  16  BUS  STORED  Hf  UU1U,  O0111 
UP'ERH  T I ONS  INCLUDE  : 

XN1  =  H*X  -  B*UNi  +  C*IJ 

vni  =  uni  +  ::ni 

CONS 1  ANTS  A,  B,  C  ARE  STORED  IN  PROM 
X,  UNI  ARE  STORED  IN  RAM  AT  0050-0051,0052-0055 
UN1=  E*  FROM  FLXCL 
U  IS  STORED  AT  0054,0855 


FORMAT  FOR  DATA  THIS  SECTION 
CONS  1  AN  r S  A,  B,  c  HAVE  16  B I  T  S 
B15  B14  B15  B12  Bll  BIO  BS  B8 
S  1.5.  25  X  X  X  X 
UN+1  HAVE  FORM 


HS 
B  7 


B6  B5  B4  B5  B2  B1  BO 


+UN 

+  S  16T 
*XN  FORM 
*  S  4160k  X 
*XN+1  Hh;.  r  OKI) 
S  4A60k  X 
* YN + 1  HAS  F  i J R M 


8k  4k  2k  Ik  Sis 


64  52  16 


4  2 


0453 

•f 

S  4160k 

X  X  X 

^  V 

0460 

0461 

F3CH 

ORu 

IF  SC  A 

0462 

F3CA 

FE 

FCD0 

FLICL  LDX 

HADD 

,  GET  A 

01465 

F3CD 

DF 

lO 

ST  X 

ITPDI'1 

AND  SAVE  FOR  MPV 

0464 

F3CF 

DE 

4  7’ 

LDX 

XN 

,  UE r  XN 

3465 

SPECIAL  OP 

FOR  -  XN  S 

0466 

F3D1 

36 

47 

LDH 

A 

XN 

, LD  XN  MS 

0467 

F8D5 

43 

ROL 

A 

GET  SIGN 

0468 

F3D4 

24 

01 

BCC 

CXP 

t  BRANCH  FOR  +XN 

3463 

F3D6 

88 

I  NX 

,  I NCR  MS  BYTE 

3470 

F3D7 

DF 

12 

C/ 

P  STX 

MPRM 

,  AND  SAVE  FOR  MPY 

0471 

F3D3 

BD 

FB58 

JSR 

MPV16 

,  DO  A*XN 

3472 

A+XN  DONE, 

STORE  4  BYTES 

OF  PRODUCT 

047  5 

+ 

STORE  A +7- 

:n 

740BI TS>  FOR 

ADD 

34  74 

F3DC 

DE 

10 

LDX 

PROD 

GET  A*XN  MS  2 

.  3475 

F3DE 

DF 

21 

STX 

AX  MS 

, STORE  MS  2 

U47'6 

F8E0 

DE 

12 

LDX 

PROD +2 

,  STORE  2  LS  BYTES 

014  7  7 

F  SE2 

DF 

STX 

AXMS+2 

, STORE  2  LS 

01 4  78 

* 

DO I NO  24  E 

V 

16  B I  T  MLIL  I  I PLV 

U47'S 

F3E4 

FE 

FCDO 

LDX 

HADD 

,  LD  A 

048O 

F3E7 

DP 

10 

STX 

MR  DM 

> STORE  FOR  MULT 

8481 

F8E3 

86' 

47 

LDA 

A 

XN 
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,  DECK'  SHIFT  COUNT 

0382 

FR  32 

2  b 

EE 

BNE 

CXSCL 

,  BRHNCH  FOR  MORE  SCHLE 

0582 

♦RE Her 

r  UK  YN+l 

0584 
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.-  LO  Lb  MIO=LS  HFTEF'  SCHLE 

0567 

FH08 

OF 

47 

i  /•. 
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L0X 

7410002 

.i  LD  SHIFT  COUNT 

068b 

F  Bx-3 

4  7 

CES 

HbR  H 

,  scale  ms 

068  6 

FB34 

5o 

RUR  B 

i  RU  TRIE  Lb  RIGHT  1 

0bS  7 

F  B35 

0S 

DEX 

> DECK  LOOP  CNT 

0688 

P"B3-6 

2o 

F  c* 

BMc. 

CES 

BRHNCH  FOR 

MORE  SCALING 

068S 

x  Mb  BV 

E  NUW 

CURREC r 

0b  S0 

i  FINii 

*FI  FuKITri  f  FOR  ERL  1 

TO  LHTCH 

0b  Si 

rcSd 

5  7 

HbK  B 

.i  ROTATE  LS  RIGHT  1 

0bS2 

FB3S 

5 1' 

MSR  b 

RofHTE  LS  RIGHT  1 

0b  S3 

r  B3fl 

0F 

SEI 

,  SET  MASK  OF  IRQ 

0694 

F63B 

97' 

3H 

blH  M 

ESUTM 

,  STORE  MS  TO  RAM 

0695 

F"B3D 

D7 

x-B 

SlH  B 

tSUTL 

>  STORE  LS  TO  RAM 

0bSb 

FB3F 

0E 

CL  I 

>  CLEAR  I NT  MASK 

06S7 

F  B40 

3S 

K  i  b 

UbSb 

x 

bo!?!? 

*•  10  REi. 

:l  i  F  i  ER 

ROUIIME  FOR 

OVERLOAD  PROTECT I ON 

5-3-83 

0  ,  ’HH 

X 

0  7O1 

FB41 

06 

05 

REC  f F'V 

LDrt  B 

IDH0 

,  GET  DIRECT  CURRENT 

0  702 

r  B43 

2H 

01 

BFL 

POS 

.1  BRHNCH  IF  POSITIVE 

0703 

FB45 

5U 

NEG  6 

.i  NEGATE  IF  NEGATIVE 

0704 

Ffc:46 

07 

33 

PUS 

ST  FI  B 

EbTAR+1 

;  STORE  I DAD 

0  705 

FB48 

7  F 

0032 

CLP 

ESTHR 

,  CLEAR  ESTAR  MS  BVTE 

O706 

FB4B 

CE 

0004 

L0X 

410004 

.i  SCALE  RECTIFIED  ID 

FOR  FILTER 

0767 

F  c*4E 

7o 

0033 

QFl  1  Mi 

HSL 

ESTHR+1 

0706 

FB51 

i’S 

0032 

ROL 

ESTAR 

07  0S 

r’B54 

0S 

0EX 

0710 

FB  55 

2  b 

F  7 

BME 

GFlINl 

0711 

FB57 

2S 

RTS 

0712 

0712 

0714 


♦END  OF  RECTIFIER  RuUUNE  5-2-83 
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I 

HH 1  btUH 


—  HSri  v 

X.  -L 

»  . . 

Z>C.O. 

Ob- 

i_J  i_l  fr ' 

^  0  ,1c 

wnr 

■■*  16216  fc;  1  1 

MUL T I PLV  SUBROUT  I NE 

0718 

■t  bObROUriNE 

1 

S  JSRED  AFTER 

FOLLOW I NO  SETUP 

"  0719 

*  MEMORY  LU6 

h  r i uns 

072o 

■■*  HDDR 

CUN  TENTS 

0721 

■+■  0010 

MULTIPLICAND  MS/PR  MS 

.  0  722 

•+  0011 

MUL  r  IPLICHND  LS/PR  MS-MID 

0722: 

•+  0012 

MUL I i FLIER  MS/PR  LS-MID 

•0724 

0013 

MULTIPLIER  LS/PR  LS 

0725 

*  INDEX  REG I 

STER  CONTAINS  LOOP  COUNT  DURING  SUBROUTINE 

0726 

•t- 

0727 

•+•  1  ENF'  S  I  UkHGE 

OF  MULTIPLIER 

SIGN  ~  $0014 

U  i"  cl  O 

0014 

MPIER  EDU 

$001-+ 

-  0729 

0730 

r  B58 

CE 

0010 

HRV16  LDX 

20016 

, LOHD  LOOP  COUNT 

"  0731 

r  B5B 

ytr. 

12 

LDH 

H 

MPRM 

, LD  MULTIPLIER  SIGN  BYTE 

0732 

FB  5D 

97 

14 

SI  Ft 

H 

MPIER 

STORE  SIGN  BYTE 

0733 

FB5F 

4F 

LLk 

H 

CLEHR  HCCUM 

0734 

FB60 

5F 

clr 

B 

.• 

CLEHR  HCCUM  B 

kl  7  5 

FE61 

76 

0012 

POP 

PR.OD+2 

,  RO  TATE  MUL  TP.  MSB 

072o 

r  E:6>4 

76 

0013 

RGR 

PROD-*- 3 

, ROTATE  MUL TR  LS8 

.  0737 

rB67 

24 

06 

SI-lP  r’i  B6C 

SMPV2 

,  BRANCH  IF  MULTR  IS  EVEN 

073:8 

FB69 

DB 

11 

HDD 

B 

MPDL 

, HDD  MUL TD  LS  8 

.  0739 

FB6B 

39 

10 

ADC 

H 

MPDM 

, HDD  MUL TD  MS  8 

0  740 

FB6D 

29 

02 

BVb 

SMF’t'3 

, BRANCH,  HR I TH  OVRFL 

0741 

FB6F 

4  7 

SF1PV2  HSR 

H 

EXTEND  SIGN  IF  NOT 

0742 

FB70 

43 

ROL 

H 

RESTORE  POSITION 

0743 

FB71 

4  b 

SNPV3  KQR 

H 

.. 

SHIFT  PART  PROD  MSS  (.RIGHT)1 

0744 

FB72 

jb 

R.UK 

B 

<<  u  <t  «* 

0  7 45 

FB73 

7  b 

0012 

RGR 

PROD+2 

,  SHIFT  PRi ITULTR  IN  MEM 

*  0746 

FB76 

7b 

0013 

RUR 

PROD-*- 3 

.  It  II  il  <■  " 

0747 

FB79 

8*9 

DEX 

.. 

DECR  LOOP  COUNT 

0748 

FB7A 

2o 

EB 

BNE 

SMPV1 

,  BRANCH  IF  NOT  LAST  BIT 

. .0749 

FB7C 

77 

0014 

HSR 

MPIER 

, TST  SIGN  OF  MULTIPLIER 

0750 

FB7F 

79 

0014 

ROL 

MPIER 

.» 

0751 

FB32 

24 

04 

BCC 

SMPV4 

, BRANCH  SIGN  + 

0752 

r  B84 

D0 

11 

SUB 

B 

MPDL 

•CORRECT  MID  BYTE 

0  »'  J  _1- 

F£:86 

92 

10 

SB6 

H 

MPDM 

, CORRECT  MS  BYTE 

0754 

F  Boo 

D? 

11 

SMPV4  STH 

B 

PROD+1 

,  STORE  PROD  MS  MID8 

y  7  2' 

P~B8A 

97 

10 

SI  H 

H 

PROD 

, STORE  PROD  MSS 

-  0756 

F  686 

3;  3* 

RTS 

i 


I 
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AM I  6300 

FEEDBACK  CONTROL  MPU  PROG  PAGE 

ASM  VI.  1 

SEQ  LUC 

OBJ 

SOURCE 

u7jo 

x x * xx xx x  +  HDD16  i+; :+; ****** :+- '* ;+- *  * *■ 

U75S 

16  BIT  ADD  SUBROUTINE 

076U 

+  ASSUMES  ADDEND  IS  IN  H,  B  REGISTERS 

u  r  Ex 

ADDER  LOCATED  IN  G01G,  UUxl  PRIOR  TO  JSR 

UT62 

•T-  BUM  IS  STORED  IN  0012,  0013 

0763 

x-  A  -  N  MSB 

0764 

•+•  B  -  N  i_SB 

0765 

O010  -  M  MSB 

0  7 66 

*  OOll  -  M  LSB 

0767' 

*■  AFTER  ADD, 

0766 

+-  0012  =  SUM  MSB 

0T63 

x  0013  =  SUM  LSB 

0770 

* 

07  r’x  FB6D 

D* 

11 

HDD 16  ADC  B  ADDL  ,  ADD  TWO  LS  BVTES 

0772  F6SF' 

yy 

10 

HDC  A  ADDM  ,  ADD  TWO  MS  BVTES 

0773  FB91 

D7 

13 

STA  B  SUML  i  STORE  LS  BYTE 

0774  FB33 

97 

12 

STA  A  SUMM  , STORE  MS  BYTE 

10  1-0 


F  E  E  DB  AC  K  C  O  i  J I  h:  0 1_  f-  I P  U  P  P  0 1. j 


PflUE  0020 


I 

AMI  6dOO 
-  ASM  VI.  X 


SEC! 

LUL: 

OB.' 

bOURCE 

07*77 

.+.  T..t. £*.  OUTPUT  ROUTINE 

-VV-  + 

0778 

*•  WK I  1  Ed  (U 

b* 

LnlLH  IN  RESPONSE  TO  IN TERROR 1 

077S* 

IN  I  ERROR  1 

FRUIT  rlF'H  HAPPENS  APPROX.  LOOM  I  CRuS'E*. 

*  078ti 

*  PRU I R  T  U 

v  + 

iNPUt  1  Nil 

MPA 

.  .0781 

*- 

0 

r  d*3o 

So  Sh 

EuU 1  LDH 

ti 

ESOIM 

LD  fc  *  MS  FOR  LATCH 

*•1*  r  c>  ^ 

FBSo 

L>©  8b 

lDA 

b 

EbOT  L 

■  LL>  E*  LS  For  latch 

0784 

r'BSA 

£•  7  c.000 

blH 

H 

LMS 

,  STORE  MS  6  TO  LATCH 

0785 

FBbD 

F7  C000 

STH 

b 

LLS 

,  STORE  Lb  6  TO  LATCH 

0786 

FBFI0 

SB 

PI  1 

RETURN  FROM  INT 

y  f  o  »■ 

END 

0787 

LINES 

ASSEMBLED,  LOC  -  FBH1,  0000  ERRORS  DETECTED. 

mm 

j 


I 


RHI  *600 
R5M  Vi.  1 


FEEDBHCK  CONTROL  MPU  PROG 
SYMBOL  TRBLE 


PRGE  00 


SYMBOL 

V’HLUc 

hi  TK 

LULN 

IRQV 

FFFb 

8fct 

SW I  'v' 

FT  FH 

64 

LnHb 

MM  IV 

FFFC 

64 

i_HB4 

RSTV 

FFFE 

o»4 

•irtbL1 

RRDD 

FCDO 

C'4 

tfihL  6 

BRDD 

FCD2 

84 

2RCF 

CRDD 

FCD4 

64 

2HD6 

FREQ 

0001 

84 

2RE1 

I  GtRD 

0002 

84 

2REM 

VDRD 

0003 

64 

2HF3 

'v'QRD 

0004 

84 

2hFC 

I  DHL' 

0005 

64 

2BOS 

ERMT 

0012 

64 

2B0E 

ERL  r 

0013 

84 

2B17 

LLS 

COOO 

64 

2B20 

LMS 

B00O 

84 

2B28 

MPRM 

0012 

84 

MPRL 

0013 

64 

2B3B 

MPDM 

0010 

84 

2B44 

HPDL 

0011 

84 

2B4D 

RDDL 

0011 

84 

2B56 

RDDM 

0010 

84 

2B5F 

SUML 

0013 

84 

2B68 

SUMM 

0012 

84 

2B71 

RRDD 

0OFD 

84 

2B7H 

KRDD 

OOFE 

84 

2B83 

PROD 

O01O 

84 

2  BBC 

DIFF 

0010 

84 

2B85 

ESTRR 

0032 

84 

2  BSE 

RXHS 

0021 

84 

2BR7 

BUN1M 

002b 

84 

2BB0 

B'UNILM 

0028 

84 

2BB9 

CUNM 

0O2R 

84 

2BC2 

CUNLM 

002c 

84 

2BCB 

UNI 

0032 

84 

2BD4 

XN 

0047 

84 

2BDD 

UN 

0034 

84 

2BE6 

CMB 

002R 

84 

2BEF 

XN17 

0926 

84 

2BF8 

OLDF 

0040 

84 

2C01 

NEWF 

0041 

84 

2C0R 

TMCNT 

0043 

84 

2C13 

ISTRRT 

FSOO 

84 

2C1C 

PR3 

F803 

84 

2025 

F'RSl 

F608 

84 

2C2E 

PBS 

P81B 

84 

<sl  £  f' 

EVS 

F82F 

84 

2O40 

INP 

F85F 

84 

2043 

INPUT 

F840 

84 

2L-02 

RECTFV 

FB41 

84 

FLTCL 

F3CR 

84 

20c-4 

ERRST 

FRD7 

84 

2Ci5>D 

FZFG 

O055 

84 

2C7’6 

CNF  I 

F874 

84 

2C7F 

IM - 


I 


T 


8HI  8800 


-  ASH  Vi. 

1 

SVMBOL 

VALUE 

ATTR 

LOCN 

CNF  I  i 

F877 

84 

2088 

GTb 

F87F 

84 

2C91 

rtDLOOP 

F892 

84 

2C9A 

•  FLXCL 

F8D0 

84 

2  CAS 

AB 

FSDb 

84 

2oAC 

PIG 

FSEO 

84 

2CB5 

MPVlb 

FB53 

34 

2CBE 

AC 

F8E4 

84 

2CC7 

SCF'l 

F8E9 

34 

2CD0 

CVD 

P  SOS 

34 

2CD9 

ADDib 

FB8D 

84 

2CE2 

AD 

F906 

84 

2  CEB 

SIG 

F9UD 

84 

2CF4 

AE 

F9  lb 

84 

2CFD 

AF 

F324 

84 

2  DOb 

PID 

F92E 

84 

2  DOF 

SCP2 

F937 

84 

2D13 

CVQ 

F94F 

34 

2D21 

SID 

F959 

34 

2D2A 

RK 

F9b0 

84 

2033 

HL 

F9b8 

84 

2  DSC 

AM 

F974 

84 

2D45 

WXCOR 

F978 

84 

2D4E 

SC  NX 

F98A 

84 

2D  5  7 

SCWXl 

F93C 

84 

2080 

NOCLMP 

F9A7 

84 

2089 

CXP 

F9D7 

84 

2072 

F'XN 

F9EC 

84 

207B 

CAXN 

F9F2 

34 

2034 

CMS  7 

0*350 

84 

2D3D 

*  SPCMB 

FA60 

84 

209b 

STXNi 

FA  PC 

o4 

209F 

CXSCL 

FH82 

84 

20A8 

PUN1 

FABA 

84 

20B1 

ESOTM 

0O3A 

34 

20  BH 

ESOTL 

0036 

84 

2  DCS 

NFCHG 

FAE7 

84 

20CC 

SFTC 

FAE0 

84 

2005 

stcn  r 

FAE4 

84 

2  DDE 

BYPASS 

FB20 

84 

2DE7 

-  SCALE 

FBOC 

84 

20F0 

CES 

FBSS 

84 

2DF9 

PGS 

FB4b 

84 

2E02 

GAINi 

PB4E 

84 

2E0B 

MPIER 

0014 

84 

2E14 

■ SMPY2 

FBbF 

84 

2E10 

SMPV1 

FB87 

84 

2E2b 

— SMPVS 

FB7 1 

84 

2E2F 

SMPV4 

FB83 

84 

2E28 

EOUT 

FB96 

C4 

2E41 

FEEDBACK  CONTROL  MPU  PROG 
SVMBOL  TABLE 

LINK 


125 


END  ASM  VI.  1 


0001  REM  PROGRAM  GENERATES  VALUES  FOR  V  PEAK  NGM  /  V  PEAK 
0002  REM  THIS  IS  TO  NORMALIZE  AFFECT  OF  B+  VARIATIONS 
000 3-  REM  ON  THE  OUTPUT  VOLTAGE. 

0004  REM 
0005  L I NE=  O 

0010  PRINT  4f T,  "  NAM  V  PEAK  TABLE" 

002O  PRINT  #7,  "  ORG  JE50O  " 

003-0  PRINT  #7,  "  +  *• 

0040  PRINT  #7,  "  +  SCALING  OF  VNOM/VPEAK  +  256  " 

0050  PRINT  #7,  '  +  GIVES  SAME  SCALING  AS  SCALE  FACTOR" 
0060  FOR  6=0  TO  SO  STEP  1 
007©  61=  <  128/80  +256 

0080  61=  I  NT  •:B1-> 

0090  GOSUB  50O 
0100  NEXT  6 

0110  FOR  6=81  TO  150  STEP  1 
0120  61=  123, 'B  +256 

0130  61=  I  NT  v  Bi,- 

0140  GOSUB  5O0 
0150  NEXT  6 

0160  FOR  6=151  TO  255  STEP  1 
01 70  61=  < 128/150 > +256 

0180  61= I NT < 61 > 

0190  GOSUB  50© 

0200  NEXT  6 
0 210  GOTO  8  0 0 

0500  PRINT  #4,  "VP=",  B,  "128/V  PEAK  +  256=".;  61 
0501  K=B 

O502  IF  B<8©  THEN  K=80 
0503  IF  6>150  THEN  K=150 

0510  PRINT  #7,  "VP",  6,  "FOB  ".;  61..  FACTOR=";  128/K 

0520  RETURN 

0300  PRINT  #7,  "  END" 

0810  END 


AMI  6S00 
ASM  VI.  1 


V  PEAR  FABLE 


PAGE  00U1 


SEQ  LOC  OBJ  SOURCE 


0001 

NAM 

V  PEAR  FABLE 

0002 

E500 

ORG 

IE  5UU 

0003 

•+ 

0004 

•+•  s 

3ALING  OF 

VNOM.'VPEAR  + 

256 

0005 

:+■ 

GIVES  SAME  SCALING  As 

SCALE  FACTOR 

0006 

E50G 

02 

00 

VPU 

FOB 

512 

,  FACTOR  -2 

0007 

E502 

02 

tiy 

VP1 

FOB 

512 

.•  FACTOR  =2 

0008 

E504 

02 

00 

VP  2 

FOB 

512 

•  FACTOR  —2 

0003 

E5Uo 

US 

00 

VPS 

P  OB 

512 

.•  FACTOR  =2 

0010 

E508 

02 

00 

VP  4 

FOB 

512 

,  FACTOR  -2 

0011 

E50A 

02 

00 

VP  5 

FOB 

512 

.•  FACTOR  --2 

0012 

E50C 

02 

00 

VF't. 

FOB 

512 

•  FACTOR  =2 

0013 

E50E 

02 

00 

VP  7 

FOB 

512 

i  FACTOR  =2 

0014 

EG  10 

02 

00 

VP  8 

FOB 

512 

• FAoTOR  —2 

0015 

E512 

02 

00 

VP  3 

FOB 

512 

,  FACTOR  =2 

0016 

E514 

02 

00 

VP10 

FOB 

512 

,  FACTOR  =2 

0017 

E516 

02 

00 

VP  11 

FOB 

512 

i  FACTOR  =2 

0018 

E518 

02 

00 

VP  12 

FOB 

512 

, FACTOR  =2 

0013 

E51A 

02 

00 

VP  13 

FOB 

512 

•  FACTOR  =2 

0020 

E51C 

02 

00 

VP  14 

FOB 

512 

,  FACTOR  -2 

0021 

E51E 

02 

00 

VP' 15 

FOB 

512 

,  FACTOR  =2 

0022 

E320 

02 

00 

v'P  16 

FOB 

512 

.■  FACTOR  =2 

0O23 

EG22 

02 

00 

VP  17 

FOB 

512 

.•  FACTOR  =2 

0024 

EG24 

02 

00 

VP  18 

FOB 

512 

.■  FACTOR  =2 

0025 

EG26 

02 

00 

VP  13 

FOB 

512 

,  FACTOR  =2 

0026 

E528 

02 

00 

VP  20 

FOB 

512 

,  FACTOR  =2 

0027 

EG2A 

02 

00 

VP21 

FOB 

512 

;  FACTOR  =2 

0028 

E52C 

02 

00 

VPcLci 

FOB 

512 

.!  FACTOR  =2 

0023 

E52E 

02 

00 

VP  23 

FOB 

512 

,  FACTOR  =2 

0030 

E530 

02 

00 

VP  2  4 

FOB 

512 

FACTOR:  =2 

0031 

EG32 

02 

00 

VP  25 

FOB 

312 

,  FACTOR  =2 

O032 

E534 

02 

00 

VP26 

FOB 

512 

,  FACTOR  =2 

0033 

E536 

02 

00 

VP  2  7 

FOB 

512 

,  FACTOR  =2 

0O34 

EG38 

Hi  2 

00 

VP  28 

FOB 

512 

,  FACTOR  =2 

0035 

E33A 

02 

00 

VP  2  3 

FOB 

512 

,  FACTOR  =2 

0O36 

EG3C 

02 

00 

VP  30 

FOB 

512 

FACTOR  =2 

0037 

EG3E 

02 

00 

VP  31 

FOB 

312 

,  FACTOR  =2 

0038 

E540 

02 

00 

VPS  2 

FOB 

512 

,  FACTOR  =2 

0033 

E542 

02 

00 

VP  3  3 

FOB 

512 

,  FACTOR  =2 

0040 

EG44 

02 

00 

VP  34 

FOB 

512 

,  FACTOR  =2 

0041 

E546 

02 

00 

VP  35 

FOB 

512 

,  FACTOR  =2 

0042 

EG48 

02 

00 

VP  3  6 

FOB 

512 

,  FACTOR  =2 

0043 

EG4A 

02 

00 

VPS  7 

FOB 

512 

,  FACTOR  =2 

0044 

EG4C 

02 

00 

VP  38 

FOB 

512 

,  FACTOR  =2 

0045 

E54E 

02 

00 

VP  33 

FOB 

512 

,  FACTOR  =2 

0046 

£3  3d 

02 

00 

VP  40 

FOB 

312 

,  FACTOR  =2 

0047 

EG52 

02 

00 

VP41 

FOB 

512 

,  FACTOR  =2 

0048 

E354 

02 

00 

VP42 

FOB 

512 

,  FACTOR  =2 

0043 

EG56 

02 

00 

VP  4  3 

FOB 

512 

>  FACTOR  =2 

0050 

EGGS 

02 

00 

VP44 

FOB 

512 

,  FACTOR  =2 

0051 

E53A 

02 

00 

VF'45 

FOB 

512 

•  FACTOR  =2 

005<cl 

E55C 

02 

00 

VP  4  6 

FOB 

512 

,  FACTOR  =2 

0053 

E35E 

02 

00 

VP47 

FOB 

512 

,  FACTOR  =2 

0054 

E560 

02 

00 

VP  4  8 

FOB 

512 

,  FACTOR  -2 

0053 

E562 

02 

00 

VP  43 

FOB 

51s 

, FACTOR  =2 

(Z-7 


fit'll  1 

6800 

V  PERK 

rfiBLE 

PAGE  000, 

RSM  ' 

v'l  1 

SEG 

LOG 

OBJ 

SOURCE 

0056 

E564 

02 

00 

VP  SO 

FDB 

512 

■ FfiCTOP  —2 

0057 

E566 

Gi2 

00 

v'P  51 

PDB 

512 

■ FACTUR  =2 

005S 

E56  6 

02 

00 

VP  32 

FDB 

312 

, FhCTOR  -2 

0055 

E56fi 

02 

00 

VP  52 

FDB 

312 

*  FACTOR  -2 

0060 

E56C 

02 

00 

VP  54 

FDB 

512 

,  FfiCTOP:  =2 

0061 

E56E 

02 

00 

VP  55 

FDB 

312 

• FfiCTOP  =2 

0062 

E570 

02 

00 

VP  56 

FDB 

312 

,  FfiCTOP.  =2 

0063 

E572 

02 

00 

VPS  7 

FDB 

512 

■  FfiCTOP'  =2 

0064 

E574 

02 

00 

VP  58 

FDB 

512 

■ FfiCTOP  —2 

0065 

E576 

02 

00 

VP  33 

FDB 

512 

■ FfiCTOP  =2 

0066 

E578 

02 

00 

VFe.0 

FDB 

512 

..FfiCTOP  -2 

0067 

£57fi 

02 

00 

V  F 1. 1 

FDB 

512 

• FfiCTOP  =2 

0068 

E57C 

02 

00 

VP  62 

FDB 

512 

■ FfiCTOP  =2 

0063 

E57E 

02 

00 

VP  6  3 

FDB 

512 

.•  FfiCTOR  =2 

0070 

E580 

02 

00 

VP  64 

FDB 

512 

FfiCTOR  -2 

0071 

E582 

02 

00 

VP  6  5 

FDB 

512 

, FfiCTOR  =2 

0872 

E5S4 

02 

00 

VP  66 

FDB 

512 

, FfiCTOR  =2 

0072 

E586 

02 

00 

VP  6  7 

FDB 

512 

•FfiCTOR  =2 

0074 

E583 

02 

00 

VP' 6  8 

FDB 

512 

..  FfiCTOR  -2 

0075 

E58A 

02 

00 

VP' 6  3 

FDB 

512 

, FfiCTOP  =2 

£1076 

E58C 

02 

00 

VP  70 

FDB 

512 

, FACTOR  =2 

0077 

ESSE 

Gi2 

00 

VP  71 

FDB 

512 

•  FACTOR  =2 

0078 

E530 

02 

00 

VP  72 

FDB 

512 

, FfiCTOR  =2 

0079 

E532 

02 

00 

VP  7  2 

FDB 

512 

..  FfiCTOP.  —2 

0080 

E534 

02 

00 

VP  74 

FDB 

312 

.•  FfiCTOR  =2 

0081 

E536 

02 

00 

VP  75 

FDB 

512 

■ FfiCTOR  —2 

0tJ62 

E538 

02 

00 

VP' 76 

FDB 

512 

, FfiCTOR  =2 

0082 

E53fi 

02 

00 

VP  7  7 

FDB 

512 

• FfiCTOP  =2 

0084 

E53C 

02 

00 

VP  7  8 

FDB 

512 

•FACTOR  =2 

£|085 

E53E 

02 

00 

VP  79 

FDB 

512 

, FfiCTOR  =2 

0086 

E5fi0 

02 

00 

VP  80 

FDB 

512 

,  FACTOR  =2 

01087 

E5R2 

01 

F3 

VP  81 

FDB 

505 

,  FACTOR  =1.  97520864 

010188 

E5fi4 

01 

F3 

VP82 

FDB 

493 

. FACTOR  -1.  95121351 

0089 

E5R6 

01 

ED 

VP  8  2 

FDB 

493 

, FACTOR  =1.  92771084 

01090 

E5R8 

01 

E7 

VP  84 

FDB 

487 

,  FACTOR  =1.  9047619 

0091 

E5RR 

01 

El 

VP  8  3 

FDB 

481 

,  FACTOR  =1.  88225294 

0092 

E5RC 

01 

DC 

VP  8  6 

FDB 

476 

,  FACTOR  =1.  86046511 

01093 

E5RE 

01 

D6 

VPS  7 

FDB 

470 

,  FACTOR  =1.  82908045 

0084 

E5B0 

01 

D1 

VP  38 

FDB 

465 

,  FACTOR  =1.  81818181 

0095 

E5G2 

01 

CC 

VP  8  3 

FDB 

460 

•  FACTOR  =1  7977528 

0096 

E5B4 

01 

C7 

VP  30 

FDB 

455 

.»  FfiL-TuR  =1.  i*  r  r  i  i1  ■'  r 

0097 

E5B6 

01 

C2 

VP  31 

FDB 

450 

,  FfiCTOR  =1.  75824175 

0038 

E5E8 

01 

ED 

VP  32 

FDB 

445 

, FACTOR  =1.  72912042 

0033 

E5BR 

01 

B8 

VP  3  2 

FDB 

440 

,  FACTOR  =1.  72O4201 

0100 

E5BC 

01 

B2 

VP  3  4 

FDB 

435 

,  FACTOR  =1.  70212765 

0101 

E5BE 

01 

RF 

VP95 

FDB 

431 

, FACTOR  =1  68421052 

0102 

E5C0 

01 

RR 

VP  96 

FDB 

426 

..  FACTOR  =1.  66666666 

0102 

E5C2 

01 

R6 

VP  3  7 

FDB 

422 

■  FACTOR  =1  64948452 

0104 

E5C4 

01 

R1 

VP  3  8 

FDB 

417 

, FACTOR  =1.  63265206 

0105 

E5C6 

01 

3D 

VP  93 

FDB 

412 

.•  FACTOR:  =1  61616161 

0106 

E5CS 

01 

99 

VP100 

FDB 

409 

> FACTOR  =1  6 

0107 

E5CR 

01 

35 

VP101 

FDB 

405 

FACTOR  =1.  58415841 

0108 

E5CC 

01 

91 

VP  102 

FDB 

401 

, FACTOR  =1  56862745 

0103 

E5CE 

01 

3D 

VP103 

FDB 

397 

, FACTOR  =1  55239305 

0110 

E3D0 

01 

89 

VF'104 

FDB 

292 

..  FACTOR  =1.  52846152 

\18 
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SEQ 

LOG 

OBJ 

SOURCE 

0111 

E5D2 

01 

S6 

VP  105 

FDB 

G112 

E5D4 

01 

y  2 

VF10E 

FDB 

0113: 

E5D6 

01 

7E 

VP  10  7’ 

FDB 

0114 

E5DS 

01 

7B 

VP  108 

FDB 

0115 

E5DA 

01 

1  1 

VP103 

FDB 

01  IE 

E5DC 

01 

74 

V'F‘110 

FDB 

0117 

E5DE 

01 

71 

VP111 

FDB 

0118 

E5E0 

01 

ED 

VP  11 2 

FDB 

0113 

E5E2 

01 

EH 

VP112 

FDB 

0120 

E3E4 

01 

E7 

VP  114 

FDB 

0121 

E5E6 

01 

E4 

VP115 

FDB 

0122 

E3E8 

01 

El 

VP116 

FDB 

0123 

E5EA 

01 

5E 

VP117 

FDB 

0124 

E5EC 

01 

5B 

VP11S 

FDB 

0125 

E5EE 

01 

58 

VF'113 

FDB 

0126 

E5F0 

01 

55 

VP  120 

FDB 

0127 

E5F2 

01 

52 

VP  121 

FDB 

0128 

E5F4 

01 

4F 

VP  122 

FDB 

0123 

E5F6 

01 

4D 

VP123 

FDB 

0120 

E5F3 

01 

4A 

VF124 

FDB 

0121 

E5FA 

01 

47 

VF'125 

FDB 

0122 

E5FC 

01 

45 

VP  126 

FDB 

0122 

E5FE 

01 

42 

VP127 

FDB 

0124 

E600 

01 

40 

VP  12  8 

FDB 

0125 

E602 

01 

3D 

VP  123 

FDB 

0126 

E604 

01 

2B 

VP  120 

FDB 

0127 

E606 

01 

_j.  O 

VP' 13:1 

FDB 

0128 

E603 

01 

St* 

VP  122 

FDB 

0123 

EEOA 

01 

_j.  _3- 

VP  13  3: 

FDB 

0140 

E60C 

01 

21 

VP  124 

FDB 

0141 

E60E 

01 

2F 

VP  125 

FDB 

0142 

EE  10 

01 

2D 

VP126 

FDB 

0142 

EE12 

01 

2A 

VP127 

FDB 

0144 

EE14 

01 

*— ■ 

VP  13  8 

FDB 

0145 

EE1E 

01 

St* 

VP133 

FDB 

0146 

EE18 

01 

24 

VP  140 

FDB 

0147 

E61A 

01 

•"> 

VP  141 

FDB 

0148 

EE1C 

01 

20 

VP142 

FDB 

0143 

E61E 

01 

IE 

VP  143 

FDB 

0150 

EE20 

01 

1C 

VP  144 

FDB 

0151 

E622 

01 

1A 

VP  14  5 

FDB 

0152 

EE24 

01 

18 

VP  14  6 

FDB 

0152 

EE  2  6 

01 

IE 

VP  14  7 

FDB 

0154 

EE28 

01 

14 

VP  148 

FDB 

0155 

EE2A 

01 

12 

VP143 

FDB 

0156 

EE2C 

01 

11 

VP' 150 

FDB 

•  0157 

EE2E 

01 

0F 

VP151 

FDB 

0158 

EE  80 

01 

0D 

VP  152 

FDB 

0153 

EE.  2  2 

01 

0B 

VP  153 

FDB 

0160 

E634 

01 

03 

VP  154 

FDB 

0161 

E626 

01 

08 

VP155 

FDB 

0162 

E628 

01 

08 

VP  156 

FDB 

0163 

EE  3- A 

01 

04 

VP  157 

FDB 

*  0164 

EE2C 

01 

03 

VP  158 

FDB 

0163 

E62E 

01 

01 

VP  153 

FDB 

S90 

•  FHL’TiJR 

-1.  52380352 

S  S  6 

,  FACTOR 

-1  50342336 

.3-  y 

FACTOR 

=  1.  4353271 

375* 

•  FACTOR 

-1.  48148148 

—  — *C“ 

-j- J  — 1 

■  FACTOR 

— 1  4678833 

-3-  l'  C- 

, FACTOR 

=1.  45454545 

365* 

■  FACTOR 

=1  44144144 

3:65 

.•  FACTOR 

=1.  42357142 

362 

..  FACTOR 

=1.  4153232 

353 

• FACTuR 

=  1,  4035O377 

256 

.•  FACTOR 

=1.  33130424 

rr 

J;. 

.■  FACTOR 

=1.  37331024 

250 

.•  FACTOR 

=1.  3675212E 

S4  7 

.•  FACTOR 

-1.  2553222 

S44 

, FACTOR 

~  1 .  _i-4 4 i*  y  1 

241 

■  FACTOR 

-1. 

328 

..  FACTOR 

=  1.  32221404 

225 

.•  FACTOR 

=  1.  2114754 

—  7;  t; 

FACTOR 

=1  300313 

230 

..  FACTOR 

=1.  23022253 

.•  FACTOR 

=  1.  28 

725 

■  FACTOR 

=1  26384126 

•7  ]-_• 

..  FACTOR 

=  1.  25384251 

S20 

FACTOR 

=  1.  25 

317 

FAC  TOP'. 

=1.  24021007 

215 

FACTOR: 

=  1.  23076323 

212 

•  FACTOR' 

-1  22127404 

210 

FACTOR 

-1.  21212121 

207 

.■  FACTOR: 

-1  20200751 

3.05 

..  FACTOR 

-■1.  134G2335 

SOS 

,  FACTOR 

-1  18518518 

301 

,  FACTOR 

~1  17647058 

238 

, FACTOR 

=1  1E738221 

296 

•  FACTOR 

-1  15342028 

234 

■  FACTOR 

=  1.  15107312 

35*  iS 

.•  FACTOR 

=  1.  14285714 

290 

.•  FACTOR 

—  1 .  i_3  -4  r  51  f  r 

FACTOR 

=1  12E7E056 

78E 

•  FACTOR 

=  1.  11388111 

284 

,  FACTOR 

=1  11111111 

. FACTOR 

=1.  10344827 

2  SO 

,  FACTOR 

=1.  03583041 

cL  •’  C* 

FAt  TuR 

-1,  08842537 

276 

, FACTOR 

-1.  03108108 

274 

. FACTOR 

=1  0738255 

277 

, FACTOR 

=1  0E6666EE 

271 

,  FACTOR 

=1.  O5360264 

269 

. FACTOR 

=1.  05263157 

267 

,  FACTOR 

=1.  04575163 

265 

,  FACTOR 

=  1.  02836102 

264 

, FACTOR 

=1.  O3225806 

262 

, FACTOR 

=1.  025641O2 

260 

.•  FACTOR 

=  1.  01310828 

253 

,  FACTOR 

=1.  01265322 

r - • 

r 

,  FACTOR 

=1.  O062833 
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SEQ  LOG  OBJ  SOURCE 


0166 

E640 

01 

00 

VP  160 

FDB 

256 

, FACTOR  =1 

016? 

E642 

•30 

FE 

VF'161 

FOB 

254 

FAcTuR  =0.  994 1-  88819 

0168 

E644 

00 

FC 

VP  162 

FOB 

252 

■  FACTOR  =0.  98765432 

0169 

E646 

00 

FB 

VP162 

FOB 

251 

, FACTOR  -0.  981595092 

01  ?0 

E64S 

00 

F9 

VP164 

FOB 

249 

, FACTOR  =0.  975609756 

0171 

E64R 

00 

F8 

VP165 

FOB 

248 

.■  FACTOR  =0.  969696969 

0172 

E64C 

00 

F6 

VP  166 

FOB 

246 

, FACTOR  =0.  963855421 

oir; 

E64E 

00 

F5 

VF'167 

FOB 

245 

.•  FACTOR  =0.  958083832 

01  ?4 

E650 

00 

F3 

VP  168 

FOB 

242 

, FACTOR  =0.  952380952 

0175 

E  652 

00 

F2 

VP169 

FOB 

242 

..  FACTOR  -0.  946745562 

0176 

E654 

00 

FO 

VP  179 

FOB 

240 

,  FACTOR  =0.  94117647 

Gi;  7 

E656 

00 

EF 

VP  171 

FOB 

229 

, FACTOR  =0.  935672514 

0178 

E658 

00 

EE 

VP-172 

FDB 

248 

FACTOR  =0.  930232558 

0179 

E65R 

00 

EC 

VP  172 

FDB 

23-6 

. FACTOR  =0.  924855491 

0180 

E65C 

00 

EB 

VF'174 

FDB 

225 

:•  FACTOR  =0.  919540229 

0181 

E65E 

00 

Efl 

VP175 

FDB 

224  . 

; FACTOR  =0.  914285714 

0182 

E66G1 

00 

Es 

VP  176 

FDB 

242 

FACTOR  =0.  909090909 

0182 

E662 

00 

E7 

VF'177 

FDB 

221 

FACTOR  =0.  903954802 

0184 

E664 

00 

E6 

VP  178 

FDB 

220 

•■  FACTOR  =0.  398876404 

0185 

E666 

00 

E4 

VP179 

FDB 

228 

..  FACTOR  =0.  393854748 

0186 

E668 

00 

E2 

VP  180 

FDB 

227 

..  FACTOR  =0.  888888838 

0187 

E66R 

00 

E2 

VP-181 

FDB 

226 

•  FACTOR  =0.  8839779 

0188 

E66C 

00 

El 

VP  182 

FDB 

225 

, FACTOR  =0.  879120879 

0189 

E66E 

00 

DF 

VP182 

FDB 

224 

.■  FACTOR  =0.  874316939 

0190 

E670 

00 

DE 

VP  18  4 

FOB 

222 

.•  FACTOR  =0.  869565217 

0191 

E672 

00 

DD 

VP185 

FOB 

221 

:•  FACTOR  =0.  864864364 

0192 

Eo74 

00 

DC 

VP  186 

FDB 

220 

.■  FACTOR  =0.  860215053 

0193 

E676 

00 

06 

VP187 

FDB 

219 

FACTOR  =0.  855614973 

0194 

E678 

00 

09 

VP  188 

FOB 

217 

, FACTOR  =0.  851063829 

0195 

E67R 

00 

OS 

VP  189 

FDB 

216 

FACTOR  =0.  846560846 

0196 

E67C 

00 

07 

VP190 

FDB 

215 

, FACTOR  =0.  842105263 

0197 

E67E 

00 

06 

VP  191 

FD  B 

214 

.•  FACTOR  =0.  837696335 

0193 

E680 

00 

05 

VP  192 

FDB 

213 

FACTOR  -O.  833333334 

0199 

E682 

00 

04 

VP192 

FDB 

FACTOR  =0.  829015544 

0200 

E684 

00 

03 

VP  194 

FDB 

211 

, FACTOR  =0.  824742268 

0201 

E636 

00 

02 

VP195 

FDB 

210 

i FACTOR  =0.  32051282 

0202 

E688 

00 

DO 

VP  196 

FDB 

208 

FACTOR  =0.  81632654 

02G2 

E68R 

00 

CF 

VP  19  7 

FDB 

207 

FACTOR  =0.  812182741 

02O4 

E63C 

00 

CE 

VP198 

FOB 

206 

..  FACTOR  =8.  808080808 

0205 

E68E 

00 

CD 

VP199 

FOB 

205 

,  FACTOR  =0.  80402O1 

0206 

E690 

00 

cc 

VP200 

FOB 

204 

FACTOR  =0.  8 

0207 

E692 

00 

cc 

VP201 

FOB 

204 

FACTOR  =0.  8 

0203 

E694 

00 

cc 

VP  2  02 

FOB 

204 

FACTOR  =0.  8 

02O9 

E696 

00 

cc 

VP202 

FOB 

204 

FACTOR  =0.  8 

0210 

£698 

00 

cc 

VP204 

FOB 

204 

,  FACTOR  =0.  8 

0211 

E69R 

00 

cc 

VP205 

FOB 

204 

;  FACTOR  =0.  8 

0212 

E69C 

00 

cc 

VP206 

FOB 

204 

FACTOR  =0.  8 

0212 

E69E 

00 

cc 

VP207 

FOB 

204 

FACTOR  =0.  8 

0214 

E6H0 

00 

cc 

VP20S 

FOB 

204 

,  FACTOR  =0.  8 

0215 

E6R2 

00 

cc 

VF'209 

FOB 

204 

,  FACTOR  =0.  8 

0216 

E6R4 

00 

cc 

VF’210 

FOB 

204 

,  FACTOR  =0.  8 

0217 

E6R6 

00 

cc 

VP211 

FOB 

204 

>  FACTOR  =0.  8 

0218 

E6R8 

00 

cc 

VP  212 

FOB 

204 

,  FACTOR  =0.  8 

0219 

E6RR 

00 

CC 

VF'212 

FOB 

204 

.•  FACTOR  =0.  8 

0220 

E6AC 

00 

cc 

VP214 

FOB 

204 

}  FACTOR  =0.  8 

AMI 
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0221 

E6AE 

00 

Cl 

VP215 

FDB 

204 

;  FACTOR  =0.  8 

0222 

E6B0 

00 

Cl 

VP  216 

FDB 

204 

,  FACTOR  =0.  8 

0221 

E6B2 

00 

cc 

VF'217 

FDB 

204 

■  FACTOR  =0.  8 

0224 

E6B4 

00 

cc 

VF'218 

FDB 

204 

•  FACTOR  =0.  8 

0225 

E6B6 

00 

Cl 

VF'219 

FDB 

204 

,  FACTOR  =0.  8 

0226 

E6B8 

00 

cc 

VP  220 

FDB 

204 

.•  FACTOR  =0.  8 

0227 

E6BA 

00 

cc 

VF'221 

FDB 

204 

,  FACTOR  =0.  8 

0228 

E6BG 

00 

CC 

FDB 

204 

.;  FACTOR  =0.  3 

02 2 3 

E6BE 

00 

Cl 

VP’iiciS 

FDB 

204 

.•  FACTOR  =0.  8 

0230 

E6G0 

00 

CC 

VP  22  4 

FDB 

204 

.■  FACTOR  =0.  3 

0221 

E6C2 

00 

Cl 

VP  225 

FDB 

204 

.•  FACTOR  =0.  8 

0222 

E6G4 

00 

Cl 

VRciilfc* 

FDB 

204 

.•  FHCTUR  =0.  8 

0223 

EEbL-t> 

00 

CC 

VF'22’7 

FDB 

204 

,■  FACTOR  =  0 .  8 

0234 

E6G8 

00 

cc 

VP223 

FDB 

204 

,  FACTOR  =0.  8 

0235 

E6GA 

00 

cc 

VP  22  9 

FDB 

204 

,  FACTOR  =0.  8 

0226 

E6GG 

00 

cc 

VP230 

FDB 

204 

;  FACTOR  =0.  8 

0237 

E6GE 

00 

cc 

VF'221 

FDB 

204 

.•  FACTOR  =0.  Ei 

023  b 

E6D0 

00 

cc 

VP  2  22 

FDB 

204 

,  FACTOR  =0.  8 

0239 

E6D2 

00 

cc 

VP233 

FDB 

204 

FACTOR  =0.  8 

0240 

E6D4 

00 

cc 

VP234 

FDB 

204 

,  FACTOR  =0.  8 

0241 

E6D6 

00 

cc 

VP  22  5 

FDB 

204 

;  FACTOR  =0.  8 

0242 

E6D3 

00 

cc 

VP226 

FDB 

204 

.  FACTOR  =0.  3 

0242 

E6DA 

00 

cc 

VP  23  7 

FDB 

204 

,  FACTOR  =0.  8 

0244 

E6DC 

00 

cc 

VP  228 

FDB 

204 

:■  FACTOR  =0.  8 

0245 

E6DE 

00 

cc 

VP229 

FDB 

204 

;  FACTOR  =0.  8 

0246 

E6E0 

00 

cc 

VF'240 

FDB 

284 

,  FACTOR  =0.  8 

0247 

E6E2 

00 

cc 

VF'2'41 

FDB 

204 

.■  FACTCiR  =0.  8 

0248 

E6E4 

00 

CC 

VP242 

FDB 

264 

.•  FACTOR  =0.  8 

0249 

E6E6 

00 

cc 

VP  24  2 

FDB 

204 

;  FACTOR  =0.  8 

0250 

E6E8 

00 

cc 

VF'244 

FDB 

204 

,  FACTOR  =0.  8 

0251 

E6EA 

00 

cc 

VF'245 

FDB 

204 

.;  FACTOR  =8.  8 

E6EG 

00 

cc 

VP246 

FDB 

204 

,  FACTOR  =0.  8 

0252 

E6EE 

00 

cc 

VF'2'47 

FDB 

204 

FACTOR  =0.  8 

0254 

E6F0 

00 

cc 

VP248 

FDB 

204 

.;  FACTOR  =0.  8 

0255 

E6F2 

00 

cc 

VP  2  49 

FDB 

204 

.•  FACTOR  =0.  8 

0256 

E6F4 

00 

CC 

VP250 

FDB 

204 

,  FACTOR  =0.  8 

0257 

E6F6 

00 

cc 

VF'251 

FDB 

204 

,  FACTOR  =0.  8 

0258 

E6F3 

00 

cc 

VP252 

FDB 

204 

.;  FACTOR  =0.  8 

0259 

E6FA 

00 

cc 

VP  2  53 

FDB 

204 

,  FACTOR  =0.  8 

0260 

E6FC 

00 

cc 

VF'254 

FDB 

204 

.;  FACTOR  =0.  8 

0261 

E6FE 

00 

cc 

VF'255 

FDB 

204 

,  FACTOR  =0.  8 

0262 

E7O0 

00 

cc 

VP  2  56 

FDB 

204 

,  FACTOR  =0.  8 

0262  END 

0263  LINES  ASSEMBLED,  LOG  =  E702,  0000  ERRORS  DETECTED. 

END  ASM  VI.  1 


w 


00  CO  CO  CO  CO 


09G3  REM  ++++FTGNB++++ 

0006  REM  ***•  VALUES  FROM  VflC  MEASUERED  -  UNLOADED  *** 
0010  REM  PROGRAM  CHLUJLH TES  &  LISTS  VALUES  FOR  FTBL 
002O  REM  I  HIS  FUR  NEW  HODU  SCHEME  C EVERY  P.  P.  — B+> 

0030  REM  F  -  FREQ  UF  INTEREST 

0040  REM  N  =  NO.  OF  PULSE  PERIODS  IN  bO  DEGREES 

0050  REM  DC  I  -  DOMINANT  PULSE  LENGTH  -  TPDUM 

0060  REM  CU)  -  2ND  COMPL  PULSE  LENG  TH-  TPCUM 

0070  REM  Ml  -  MAX  SCHLE  FhCIOR 

008O  REM  M2  -  MIN  SCHLE  FACTOR 

0090  REM  T  =  PULSE  PERIOD  LENGTH  -  TPP 

0100  REM  L  -  LENGTH  OF  6U  DEG  SEG 

0110  REM  EKF>  -  NO.  OF  P.  P.  IN  60  DEG  -  NPP 

0120  REM 

0125  REM  "26  UN  LINE  770  IS  SHOOT  THROUGH  TIME" 

0130  REM  ESTABLISH  NPP  FOR  EACH  "F"  •.ALWAYS  ODD > 

0121  DIM  B C 60 > 

0122  INPU  T  "DISK  OU I  PUT  ?  YES=1, NO-0", Q1 

0123  IF  Ql-0  GOTO  14UU 

0140  B  C  e.  >  =  35 

0150  Be  7.:- =31 

0160  Be.  8  >—27 

0170  BC9>=25 

0180  Be 10 >=21 

0190  Be' 11  >=19 

0200  Be 12 >-19 

021O  Be 12 >=17 

O220  Be 14 >=15 

O230  Be 15 >=15 

0240  Be 16 >=15 

O250  Bel? >=13 

0260  Be 18 >=13 

0270  FOR  Hi=19  IG  24 

0280  Be Hi >=11 

0290  NEXT  A1 

0300  FOR  A1=2G  TO  29 

0310  BCA1>=9 

O220  NEXT  HI 

0230  FOR  Al=30  f  u  41 

0340  Be HI > =7 

0350  NEXT  A1 

0360  FOR  Al=42  TO  55 

0370  BCH1>=5 

0380  NEXT  A1 

0390  FOR  HI =56  10  80 

0400  Be Al>=3 

0410  NEXT  A1 

0420  REM  SET  UP  TOP  OF  DISK  FILE  TO  BE  6800  FORMAT 

0421  LINE-  0 

0422  D I G I TS=  0 

0430  PRINT  #7,  "  NAM  FTBL" 

0421  PRINT  44,  "F",  TAB<5>>  "VOPEN'5  TABC2U>.;  " NPP " :■  TAB e 25 
0422  PRINT  44,  TABC20»  "L-bU",  TABC40>>  "SFMAX" 

0423  PRINT  #7,  "*" 

0434  PRINT  47,  "^GENERATED  BY  FTGN8*" 

0425  GOTO  1200 

0440  PRINT  47,  "  ORG  $E88U" 

0450  REM  NO.  OF  P.  P.  IS  ESTABLISHED  FOR  EACH  "F" 

0460  REM  NEXT  DO  DOMINANT  AND  COMPLEMENTARY 
0470  REM  PULSE  WIDTHS  FOR  EACH  P.  P.  IN  "F" 

0480  Pl=3.  14159 

04 90  DIM  D  e  60  > , C  e  60  > , E  e  60  > , F  e 60  > 

0500  GOTO  1400  1 07 

0510  IF  Q1--0  GOT  U  1085 


0530  1 1=L1/N 

0540  T  — INT  <  T 1+0.  5> 

0550  L=N  +  T 

0600  FOR  K=1  TO  <N+l.-*/2  STEP  1 
0610  kl=l/<.2:+F'l  +  F.> 

0620  K2= < 60.  N > * v K-l > 

0 6 3 O  K  3— <.60  '  N •+•  k 

0640  K7 — <[  K.2+6U  >  *2*P  1/360 

0 650  R  3  —  <.  K  3 + c.  0  *  2  •+■  p  X.  ■■ '  3  &  U 

0660  K9=  <  K2+12U  > +2* Pl/360 

06  FO  Gl=<  K3+120  *2*F‘l/36u 

0680  E  < k  > =ki*  <  COS •;  k  F  > -cos <  k8  >  :>  +  iE+06+6.  5 

0690  F  <  K  >  =kl*  < CuS (. K9 > -COS < Q1  / >;+lE+06+0.  5 

0F0O  REM  OLD  T P  * VOPEW/B+NOM=  NEW  TP 

0710  D  <  k  =  i  N  T  <  E  <  k  > + 0 . '  1 1-  0  > 

0 1''  20  L-  <  k  —  I  N  T 1  P  k  *0/160  } 

0730  NEXT  k 

0740  REM  HAVE  COMPLETED  PULSE  WIDTHS  FOR  “F".  DO  SCALE  FACTORS 
0750  k'4=<N+l>/2 

0 7 60  k5=D < R4 > 

0770  M=<.T-26>/K5 

0 790  Ml- 1 N  I  <  M+256+G.  5  > 

0791  IF  k'5>  <  T-26  THEN  Ml- 1  NT  <  <  T-26  >  +256/K5+U.  5> 

0792  IF  Ml >204 7  THEN  Ml=2047 

0795  PRINT  #4,  F,  ThBC5>>  0.;  TAB<20>;  N>  T«B<25>;  T,  T«B<3©>;  L>  TAB<40>.;  Ml 
0800  REM  MIN  SF  =  0.  50  ALWAYS 
081O  M2-12S 

0820  REM  OUTPUT  VALUES  TO  TABLE  ON  DISK 
083-0  REM  FTBL  HAS  FORM 
0840  REM  N  -  NPP 

0850  REM  T  -  TPP 

0360  REM  L  —  LENGTH  OF  60  DEG  <USEC> 

0870  REM  SFMAX 

0380  REM  SFMIN 

0390  REM  TPDOI-1  #1  CUSEC> 

0900  REM  TFCOM  #1  <USEC> 

0910  REM  TP DOM  #2 

0920  REM  TFCOM  #2 

0930  REM  " 

0940  REM  " 

0950  REM  TFDOM  <N+l>/2 
0960  REM  TF'COM  <CN+l>/2 

©970  PRINT  #7,  "^FREQUENCY  TABLE  FOR  F>  "HZ.  " 

0980  PRINT  #7, 

0990  PRINT  #7,  "FRQ'*>  F>  "  FCB  " ;  N;  "  i  NO.  -PULSE  PERIODS  IN  60  DEG  SEG" 
1000  PRINT  #7,"  FDB  ",  T,  ",  LENGTH  OF  PULSE  PERIOD  CUSEO" 

1010  PRINT  #7,"  FDB  ",  L,  ",  LENGTH  OF  60  DEGREE  SEG  CUSEO" 

1020  PRINT  #7,"  FDB  ",  Ml,  SFMAX" 

1030  PRINT  #7,"  FDB  ",  M2,  ",  SFMIN" 

1040  PRINT  #7,  "*PULSE  WIDTHS" 

1050  FOR  1=1  TO  (N+D/2 

1060  PRINT  #7,  "  ",  "FDB",  DC  I  >.;  "  ,  DOM" 

1070  PRINT  #7,"  ",  "FDB",C<I> 

1080  NEXT  I 

1081  RETURN 

1035  PRINT  #4,  "F=";  F,  "O-'U  0 
1086  RETURN 

1100  IF  Q1=0  GOTO  1S0O 

1101  PRINT  #7,  "  END" 

1110  GOTO  1800 

-1200  REM  SECTION  WRITES  FREQ  INDEX  CHARACTERS  FOR  DISK  FILE 
1210  PRINT  #7,  "*■  *  *  *  *  *  *  *  *  *  *  *" 

"1220  PRINT  #7,  "  ♦•FREQUENCY  TABLES  *" 

1230  PRINT  4t7,  "*  ■+■  ■+•  -r-  *  +"  ' 


FRQ6 


1250  PRINT  #7,  "  +  " 

1255  PRINT  #7,  "  INDEX".-  " FDB " ,  " 
1260  FOR  1=7  TO  60 
1270  PRINT  #7,  "  ",  "FOB",  "FRO",  I 
1280  NEXT  I 
1290  GOTO  44G 
14O0  FOR  F=6  TO  60 
1410  0=1.  9*F 

1420  G0SU6  510 
143©  NEXT  F 
1440  GOTO  11O0 
1800  END 


W4- 


F=10 
F=ii 
F=12 
F=12 
F— 14 
F=15 
F=1 6 
F=17 
F=1S 
F=1S 
F=20 
F=21 

F=22 
F-24 
F— 25 
F=26 
F=27 
F-23 
F=23 
F=30 
F=31 
F=32 
F=32 
F-24 
F -25 
F=26 
F=37 
F=28 
F=33 
F=40 
F=41 
F=42 
F=42 
F=44 
F=45 
F=46 


0=13 
0=20.  3 
0=22.  8 
0=24.  7 

U— 2t*.  c* 
0-28.  0 
0-20.  4 
0-22.  2 
0=24.  2 
0=26.  1 
0=28 
0=33.  3 
0=41.  8 
0=42.  7 
0=45.  6 
0=47.  5 
0=43.  4 
0=51.  2 
0=52.  2 
0=55.  1 
0=57 
0=58.  3 
0=60.  8 
0=62.  7' 
0—64.  6 
0=66.  5 
0=68.  4 
0=70.  2 
0=72.  2 
0=74.  1 
0=76 
0=77.  3 
0=73.  8 
0=81.  7 
0=83.  6 
0=85.  5 
0=87.  4 


0005  REM  vbR5Q  •+■+++ 

0006  REM  +*.*.*.+■  THIS  VERSION  GENERATES  LINEAR  RELATIONSHIP 
0007  REM  FOR  Ai_L  VALUES.  ACTUAL  TABLE  WAS  MODIFIED  BV  HAND 
0010  REM  PROGRAM  GENERATES  REFERENCE  VALUES 
0020  REM  FOR  V-+  7'ABLE  USED  BV  MPA  TO  DO 
0020  REM  OVERLOAD  DETECTION. 

0040  REM  VALUES  COME  FROM  MEASUREMENTS  MADE 
0050  REM  ON  MACHINE  AT  117  V  B+ 

0060  REM  CREATE  LEAD  IN  ON  DISK 
0070  PRINT  #7, "  NAM  VSREF " 

0080  PRINT  47 ,  "  ORG  1E4U0" 

0085  PRINT  44..  "F",  "V-+  REF" 

0090  FOR  F— 0  TO  Ikl 

0100  V=0 

OllO  GOSUB  1006 

0120  NEXT  F 

0120  FOR  F=ll  TO  15 

0140  V=  144-0  >  *  <  F— 10  >  /5+U 

O150  GOSUB  1O00 

0160  NEXT  F 

0170  FOR  F=16  TO  18 

0180  V=  <  226-144  >  *  F-15  >  ,'2+144 

O190  GOSUB  100O 

020O  NEXT  F 

0210  FOR  F=19  TO  20 

0220  V= 544—2-26  ■'  *  F— 18  '.>  ,-‘2+226 

0220  GOSUB  lOOO 

0240  NEXT  F 

025O  F=21 

0260  V=688 

0270  GOSUB  100O 

O290  FOR  F=22  TO  24 

O2O0  V= < 1264— 688  >  +  < F— 21 > ,-'2+688 

0210  GOSUB  100O 

0220  NEXT  F 

022O  FOR  F=25  TO  26 

0240  V=  <  1584-1264  >  *  F-24  >  .-'2+1264 

025O  GOSUB  1O00 

0260  NEXT  F 

027O  FOR  F=27  TO  29 

0280  V=  <  1888—1584  >  +•  <.  F— 26  ?•'  ,-'2+1584 

029O  GOSUB  1000 

0400  NEXT  F 

0410  FOR  F=20  TO  21 

O420  V=  C  2022—1888  >  +  C  F— 29  >  X2+1888 

0420  GOSUB  lOOO 

0440  NEXT  F 

045O  FOR  F=22  TO  27 

0460  V—  248O—2022  >  (.  F— 21  >.-'6+2022 

047O  GOSUB  1000 

048O  NEXT  F 

0490  FOR  F=28  TO  55 

O500  V—  2024—2480  >  +  (.  F— 27  >  X22+2480 

051O  GOSUB  1000 

0520  NEXT  F 

0520  FOR  F=56  TO  60 

O540  V=2582+  56— F  >  *  2582— 2275  >  /  <  60— 56  > 

0550  GOSUB  1006 
056O  NEXT  F 
0570  GOTO  150O 

1000  REM  SUBROUTINE  WRITES  EACH  LINE  OF  VSREF 
1002  REM  V*  IN  MPA  AFTER  SHIFTING  IS  2  TIMES  E* 

10O2  REM  IN  MPB  AT  FAF1 

1005  V-l  25+ V 


;  VI; 


Titter  vi-i6+vi+i5 

1003  IF  F<11  GOTO  1010 
1009  IF  Vi:.'V+S  THEN  V1=V1— 16 
1010  PRINT  #?..  "VS";  F;  “  FDB 
^  1020  PRINT  #4,  F,  V 
.*  1030  RETURN 

150O  PRINT  #7,  "  END" 

♦  1510  END 


0005  REM  *■*■**  R  +  uN  **** 

0010  REM  PROGRAM  MAKES  TABLE  OF  R+-  VALUES 

0015  REM  VALUES  OF  R*  ESTABLISHED  BV  MEASUREMENTS 

001b  REM  ON  ACTUAL  MACHINE 

0020  PRINT  #7,  "  NAM  R>  VALUES" 

0030  PRINT  #7.-  1  ORG  IF  DOB" 

0035  PRINT  #7,  "+■  VALUES  ESTABLISHED  BV  MEASUREMENTS 
0040  DIM  R < 60 > 

0050  R  6  >  —  32 
0055  R<7>=29 

0060  Rv.8  >=27 
0065  R<9>=24 

0070  R<10>— 22 


0075  R  <  11  >  —IS1 


0080  R 12  >  =16 


0085  Rc.l3>=14 


0090 

R',14>-11 

0095 

Rv.l5>=9 

0100 

R 16  >  =8 

0105 

R  17  >  =6 

0110 

R  v 18  > =5 

0115 

R<- 19  >  =3 

0120 

R  20  > -2 

0125 

R<21>— 2 

0130 

R'..22>=9 

0135 

R<23>=3 

0140 

R<24>=4 

0145 

R\25>=12 

0150 

R<26>=1± 

0155 

Rv  27  >=12 

0160 

R<28>=14 

0165 

RC29>=15 

0170 

R  v  30  >  =23 

0175 

Rv31>=25 

0180 

R  ll!  =  c£b 

G185 

R  •,  33  >  =30 

0190 

R  <.  34  >  =33 

0195 

R \ 35  >  =34 

0200 

R  C  36  >  =36 

0203 

R<37>=38 

0210 

R<!38>=39 

0215 

R<39>=42 

0220 

R<40>=44 

0225 

R:  <:  41  >  =51 

0230 

R<42>=64 

0235 

R 1 43  >  =69 

0240 

R<44>=71 

0245 

R<45>=72 

0250 

R  46  >  =69 

0255 

R'v47>=66 

0260 

R  <.  48  >  =64 

0265 

RC49>=62 

027© 

R  < 50  > =59 

0275 

RC51>=57 

0280 

R  C  52  > =54 

0235 

R<53>=52 

0290 

R  < 54  >  =49 

0295 

R\55>=46 

0300 

R<56>=94 

0305 

R<57>=93 

©310 

R< 58 >=96 

0315 

R'.59>=79 

0320 

R 60  > = 86 

TO 


ON  MACHINE" 


I  f'i  f'l  f'l  t' I 


0005  REM  ♦*%+  klGN  +++-+- 

0010  REM  PROGRAM  GENERATES  klCF!-*  TABLE 

0020  REM  F— FREQUENCY 

0030  REM  k— DEblRED  C*_*N -■  I  ANT  v  2+P'  i  +P  +L±  • 

0040  REM  LI— SER I ES  INDUCTANCE 

0042  REM  SCALING  ON  K  HAS  12BITS  AFTER  DECIMAL 

005O  INPUT  "LI",  LI 

0060  F'l-3.  ±41592 7 

0062  GOSUB  2G0 

U070  FUK  F— c-  1C*  6U  b T EP'  1 

00b  0  k=2+Pi*F+Ll 

005*0  PRINT  #4,  F,  K 

005*2  PRINT  417,  "K'5  F,  " FDB  ",  INT',k+81S*2; ;  "  ;  k=" 

0100  NEXT  F 

0110  PRINT  #7,  "  END" 

0115  GOTO  800 

0200  PRINT  #4,  "F",  "kl" 

0210  PRINT  417,  "  NAM  kl  VALUES" 

0220  PRINT  447,  "  ORG  1FEU6" 

0221  PRINT  447,"+  TABLE  GENERATED  USING  LI  =".*  LI 
0230  RETURN 
0800  END 


14$ 


0010  DIGIT S=  0 
0015  LINE-  0 

0O5O  REN  PROgRHM  OlfiLCULH  I  Es  FILTER  LUNr.THNT 
0055  REM  FORM  Or  EQUATION  !-•  *iTX— BtMj-tL  f  lj 


0100 

INF'iJT  "I'L- H,  Ml— L.' 

Dl  ",  Ml,  M2,  I 

0130 

H-EXF'  <  —  M2  +  D 

0135 

B  x  =  M 1 — M  2  • ,  ■ '  ■ .  I  *  +  M  2 

•♦■M2  .• 

01-i-O 

B2—  1— Ml+D-H 

0137 

0*  1 — 1  ~  '■ ■.  1 •+• M  2  ■+■  &  H 

0*140 

B-B1-+  B2 

0150 

*3— B1-+C  x 

0*1001 

PRINT  "H— ",H,  "B— " 

,  B,  "L-  •  l 

Oil  6  3 

PRINT  44,  "H=“  *  ft,  " 

B=“,  B,  "L  =  ", 

0170 

0=1. ■•'16384 

0180 

H1=M/K 

Oil  90 

R2-B/0 

0200 

ft3=C/K 

0210 

PRINT  Hi,  Hi.  HB 

0211 

PRINT  #4,  Hi,  R2,  h3 

0*220* 

X=INT<.  Hl> 

0*221 

print 

0*230* 

GO* SUB  500* 

0*2401 

PRINT  «4,  "H=“.*  114; 

M3,  M2,  Ml 

02501 

X=  I  NT*.  H2.:< 

0251 

PRINT  X 

0*280* 

GO* SUB  50*0* 

0*270 

PRINT  44,  " B- " ,  M4, 

M3,  M2,  Ml 

0*280 

I  NT  ft3  > 

0281 

PRINT  X 

0*290* 

GO* SUB  50*0* 

0*30*01 

PRINT  #4,  "C=  ",  114.1 

MS,  M2,  Ml 

0*310* 

GO  T  C*  10*0*0* 

0*50*0 

M4—  I  NT'-.  XV'46*9< :■  ,< 

0510 

X-INTO  X— 114  •♦•4096  > 

0*520 

113=  INTO  X/2S6J- 

0*520* 

1 NT'.  X— MS +2 56 ,• 

0*340* 

M2- 1 NT  '16. > 

0530 

X=  I  NT  ■■.  X— 112  •♦•16  ,■ 

0*560 

I11=X 

0*37’0* 

RETURN 

10*0*0* 

END 

i 


14-3 


FAD-A140  299  ADVANCED  MOTOR -CONTROLLER  DEVELOPMENT  I  U )  WEST1NGHOUSE 
OCEANIC  0 1 V  ANNAPOLIS  MD  L  E  LESSTER  ET  AL .  22  JUN  83 
DTNSRDC-PASD-CR- 1-83  N00167-82-C-0122 


UNCLASSIFIED 


F/G  9/3 


S  8  s  8  S 


5 

8 


fuio  I 

ILS244  i 


w 


fun - 1 

LS244  , 


*1 

\ _ llBjl 

1 

Blfl 

1 

1 

1 

|I6 

BIS 

tnf 

1 

1 

6 

Si 

1 

1 

1.14  _ 

AIOB 

1 

1 

81 

[xzz 

K_ 

1 

1 

112 

AI1B 

Bel 

1 

1 

ll 

I 

1 

1* 

AI2B 

E£2 

1 

15 1 

1 

1 

il _ 

AISB 

A2J 

1 

,9I 

n 

i 

_1S _ A14B _ 

A24 

AM 

1 

I7| 

/u 

1 

IS 

AISB 

AO 

SHEET  REVISION  STATUS 


A20  AOOB 

A2I  AOIB 

A22A02B 


■BI4  A03B 
■BI5  A04B 

■  816  AOSB 

■  BIT  A06B 
-  BIB  A07B 


- AOOB  N 

- AOIB 

- A02B 

- AOSB 

- AOTB 

- A068  lTO  SM  2(3 

- AOSB 

- A04B 

- A09B 

- AOBB 

- AIOB> 

- All  B  TO  SH2 


[AOBB 

AIOB 

AIIB 

AI2B 

AISB 

AI46 

AISB 


At  MOO  MPU 


MICROPROCESSOR  ; 
LOGIC  DIAGRAM  I 


3 


2 


S  MS  MOHJ'HM 


S  (PftS-FftOM  SH  3 


A 


3 


I 


2 


*» 

x 


2 

O 

c 

Ik 

I 


I 


3 


2 


I  — 


1 


WCLK  TO  SH  7 


oSu 


*  qe 


•  • 

*  8 


Z  T  — 


E62B 

■R/W-B 
'AOIB 
AOOB 
A02B  j 


TOSH  8 


U23B 
LS  04 


RMW/R 


49 


7& 


■to»- 


R/W-B 


A02B 


AOIB 


AOOB 


R/W-B 


E3 

!E2- 

El- 


$3j> 

♦”lt> 


*2|> 

UIO 

74  LSI  36  *3 
A2 


A) 

AO 


*5 
*6 
♦  7 


■ - 

,  — & 

.15 

CLKXLS- 

_J  I 

I14 

CLKX 

9J 

.13 

_ CLKYLS  j 

i 

J2 _ 

CLKY- 

UI3D 
LSOO  . 


*  CLKXYLS  TO  SH  6 


10 

9. 

b-t- 


OS 

i>- 


-CLKX 


U230 

LS04 

1 _ — 


U23C 

LS04 


-CLKY 


TO  SH  7 


TO  SH  7 


"0 


CLXW  TO  SH  9 


ta 


A02B  9 


*Q-'P— 2 


AOOB  1 


E3 

E2- 

El- 


*0 


®1  >H- 

•  2  oii 

gii  *3  >12. 
A274LS'38«4  >li 
A1  ♦3>1^ 

AO  $6 


*rb 


ENMSO 


ENLS0 


ENMLS-J 

ENLS0  -"t 
ENMSO -J 


SH  7 


TO  SH  2.  7 


MULTIPLIER  ADDRESSES  (REFERENCE  ONLVI 


ADDRESS 

FUNCTION 

2000 

2001 

2002 

2003 

2005 

2006 
2007 

WRITE  X-LS 

WRITE  X-  MS 

WRITE  T-  LS 

WRITE  T-  MS 

READ  MS  +  WR  4  LSCAI 

READ  4  ♦  4  OF  MID  ♦  WR  4  MID  IBI 
READ  4  MID 

A2  MULTIPLIER  ADDR  DECODE  a  CO 

SH  i  cooc.  ibcNT  n6.  '  3«6  KE 


isnm  3 


1 


UI7 

74LS670 


5 


TO  SH 11 


+-I5V0C  -I5V0C 


+  15V0C 
-ISVDC 


_ _ 

ro  VSS  U4  n 

AO 7 302 


aur soz  ■ 
ANALOG  MUX  I 


SPDCMDI 


'  9jm 

gj  ANALOOINhl 


4-SVDC  6|S7 
‘  U6R2  , 

Sffib  slsa 


I - _  I 

I  o*To-  >  | 

I I  —  .  <?— To-  ! 

ill  I  GS-B 

jljruffi 

W£ 


•  I  U2  J?  U2 
i  0.047  -TQ047UF  \ 
IT  UF  U 


.1  u  lrTV"**£|  aici 

_ _ §  JP-L51  _  „  330PF 

CH  -H*  -vTl  SL  30WV0C 
LNULL  r-s.  I  XT  C  HOLD 


US 

ADS82  | 


-nR?"— 


JS  3|£N  OTL/m.  ,  limn — • — ,  I 

L_^jTO  CMOS  -j  DECCOEJtOfl IVf r| 
lAOlTWANSLA- 

I6|  lTOR -  GNO  | 

4 


FROM  SH  7  INTVL  C24 


DOB  A2£r 
DIB  A29r 
02B  A 
03BA3II 
04B  A32r 
051  i33f 
06B  B32f 
D7B  B33I 


FROM  SH  3 


FROM  SH  I 


■mmiimiiii 


CLKWlAll } 


01  ce  CB  04  OS  06 

a]  U20 

-HCLK  74LSI74 


•  Nfim 

JLSLSLM 


1  2  ft  99  ff  <v~  £  ~ 

£  o*  ooaooooo  «o  »x 


3 


2 


§S  E  t  t 

tea  »□  a  a  a 


n  a 


m  2  r 

u  u  u 


a  2  = 

£  ►-  £ 

o  S  m 

"5  5  2T1 

o  o  o  ( 


|I5  IIP 
I BOC  V? 


eac- 

ua  - 

A0371 


a  A0BIT6  1 

.7  A0BIT5 

6  ADB1T4  I 

_ 

! 

'»  ADBIT2 

'3  AOBITI 

2  ADBITO 

_ 

PE^SE  CHANGE 
Otfc&moM  s?Kt> 


bOWK) 


U27RI/IKCI 


— 

~ 

“ 

~ 

9  2 

U27R2/IKO 

6 

11 

» 

w 

13 

2 

3 

S 

6  II 

10 

14 

13 

2 

3 

3 

6 

11 

10 

14 

13 

3 

U27R3/IKtl 

1A  IB  2A2B3A3B4A4B 

SEL  UT 
™  74LS257 

ac 

1Y  2Y  3Y  4Y 


IA  IB  2A  28  3A  3B4A  . 

<SFL  U'° 

SEL  74LS257 


IA  IB2A2B  3A3B4A4B 

eci  0,1 
?“■  74  LS  257 


7 

uu\ 

"TIT 

1 _ j 

III 

r 

! _ 

I 

i 

|  i 

EZ] 

□ 

KHZ5O0 

PAO 

PA  f 

. 

PA2 

PA  3 

PA4 

PA5 

PA6 

_ 

PUT 

— 

SA0VEXT12 


AMADORO 

AMAODRI 


8 

kU3D 

74LS04 


o  p*  a 


l!o4 

"isu  oi2o\_ia/c__5  >^6. 


yBOIIROVR 


U2*A  I  CLR 
US 74  7l 


A3  PIA;  DATA  ACQUISITION! 

|  itk ,  toot  KJtNT  so  ,  s«e  so.  i 


2 


-.EDGE-  |C19 


£♦28  ait 


8  EDGE-1 


ynd>  ill  H  lol  91  I  no  isi  il  iol  91 

LD  A  8  C  D  V  I  LD  A  B  C  D 

U/D  04  U  U/D  US  (STUS) 

-4dEN  54LS19I  _±oEN  54LSI9I 

Tr|CLK  Qa  Ob  Qc  offToTF-j?  ~7?|CLK  Q*  Qe  Qc  og0 

51  2|  61  71  51  21  6l  71 


+5V 

75  A1R2 
<  IK 
2  | 


y»A  »si  -’I  '01  91 

LD  A  B  C  D 

J3/D  US 

-^dEN  til  ciQi 


■i4lCLK  0, 


US 

54LS19I 

4b  °i 

21  6* 


“  13/0  U7  (STUS) 

»l  f— C  EN  S4LSI9I 

.  RC  -rr-CLK  n  n  .  RC 

Qc  Op  rCWTglS-  14  Qft  Qr  0C  Qn 

rr  si  2 1  6 1  7i 


tEDGE-  C2l(- 


lA  15 1  ll  iol 

9) 

JL 

|(V 

J2L 

ll  101  91 

LD  A  B  C 

D 

v 

LD 

A 

SCO 

U/D  \jz 

EN  S4I  <mqi 

l5u/d 

4^  m 

US  (57US) 

-,'3 

Oa  0B  qc 

'CNT1I5- 

14  CLK 

_2a 

Or  Oc  On 

31  2l  6l 

tT 

7 f 

2  i  6  71 

MINCLR-  A6r 


-ENB 

_ 1 

MI 

I- 

o'O 

3  J  ”  05  _ _ 

II  j  PR  , 

_JLc  cl*u5a  r*7_ 

±BaLS1l2BS_  "r 

CLR 

□f  ^LSII2  | 
CIR  J 

- £5 - - £43 

/ 


I 


Tl  +  I|,  B3lf 


T2+le  83 


^+-Vo  823  ■ 

-r' 

^  RTN  824  - 

'f>*+vb  B25  ' 

J5+Ve  826  - 


J4^T3  RTN  B27  ■ 


T6+  -i«  |828(- 


6ND  TO  Wl  I  81  I 


6 

AUR6 

A1IR8 

IOK 

T1.5K 

- 4 

T  1  16  5 

”12 

n"T  9”'r  T 

€PN\  1- 

UI9B>2— 

•  5  +  / 

,  S+/  _ 

I  A5R4  f 

-  \,\ 


Vi\;  -  n3»3 


24oK 

A7RI 


t«-2+ 


IOOK 

_^VVVj_ 


AIORI  ^ 
.200* - 

A IOR5 

IOOK 

A10R6 

IOK 

AI0R7 

7L5K 

6 

~T  ""T'Ti 

5wt|2 

II  ’”6 

~T 

9Wvi- 

T 

6  \ 

l 

jJ 

A4R4 

IOOK 

12  ”  '5 

13 

10 

4 

< 

4 

AI0R7 
>  J6K 

A 

L 

.  A 

j  ‘ 

A8RI 

J-601T- 

ABR5 

IOOK 

A8R6 

j9*c 

A8R8 

7I5K 

6  II 

"TWVi6 

'  5^12 

^”6 

9 B~ 

*r 

1 1 1 7  A  'vL— 

inrn^S '  - 

UlrS  / 

5  +/ 

•S 

J 

A3R4 

IOOK 

ii - 

— rrwv6 — - r^T- 

~ 1 

- i 

Ls^ 

1 

-iN 

ui6v>i— 

UI6B^>^ — 

Ul« 

A2R4 

IOOK 

to 

4 

SA7R4 

4 

►  A7R7 

IA2R3 

7  IOK 

4 

►36K 

•IOOK 

[ 

_ i 

1 _ 

A 

NOTE:  A7RI ,  ASftl  ,  M®  Rl  ,  All  Rl  ESTAfcUSH  T&fcaACK.  SCRUMS.  (j 


06 


I 


3 


2 


T 


8 


41- 


F  MPB 


coot  BEST  no.  i  o*o  no. 


:  AIV1 


I 


02a 

038 

048 

038 


FROM  $H  14 


FROM 

SHIS 


CLEAR-. 
FROM  SH  16 


RMR-A* 
FROM  5M1T 


I* 

rT? 

3  3  3 


-arstnss - 

OT  ' 
54LS138 

jOtlMWWKW 

POT?  i  Yr 


UIBRS 

+sv - 55-^vwi- 

UI8R6 

43V - 5JL-v\Ar£- 

UIBR7 

+SV - ^-vsArfi- 


IMS- 


LLS  - 


PIA- 


+5V- 
♦  3V- 
+5V- 


RMS- 


Wz..z 


PRS- 


A2R3  , 
IK  VJ.  3 


PUS 


Pltt- 


LMS- 


*  A 

Ofc 

*-£ 

M 


A17J  MPA*  2 


A5 

F  MPB 

sut 

D 

COOC  iDCNT  NO. 

D*G  NO. 

[ESSEflHESI 

Motor  Controller  Phase  II 
Task  B  Report 

Table  of  Contents 


I.  Introduction 
Summary 

II.  Power  Bridge  Circuit  Description 

A.  Power  Switch  Unit  Description 

B.  Transistor  Switch  Module  Description 

C.  “Catch”  Diode  Description 

D.  Switch  Driver  Circuit  Description 

1.  Input  Isolation 

2.  On-Drive  Timer 

3.  Current  Limit  Disable 

4.  Over-Current  Detector 

5.  Off-Drive  Timer 

E.  Low  Voltage  Power  Supply 
E  Shunt  Resistor 

III.  Power  Bridge  Test  Results 

IV.  Motor  Controller  Test  Results 


,  1 


I.  Introduction 


This  Phase  II,  Task  B  report  describes  the  results  of  the  final  of  three  developmental  stages  of  the 
advanced  motor  controller.  Phase  1  developed  the  approach  for  the  digital  synthesis  of  3-phase,  variable 
frequency,  variable  voltage,  sinusoidal  waveforms  using  an  8-bit  microprocessor.  The  Phase  I  effort  also 
analysed  a  method  of  deriving  an  inductive  motor  air-gap-flux  related  signal  useful  for  optimally  control¬ 
ling  motor  voltage  with  varying  load.  Phase  II,  Task  A  developed  the  design  for  the  digital  and  micropro¬ 
cessor  circuitry  for  synthesizing  the  3-phase  sinusoidal  waveforms  and  the  control  circuitry  for  deriving 
the  air-gap-flux  related  feedback  signal.  The  Phase  II,  Task  B  effort  developed  a  3-phase  power-bridge 
design  and  breadboard,  combined  the  power-bridge  with  the  waveform  synthesis  and  feedback  control 

circuitry  developed  in  Task  A  and  tested  the  combined  system. 

I 

i 

Summary 

The  power-bridge  and  PWM  control  circuits  were  combined  and  tested  to  the  design  goal  of  7.5  hp 
with  excellent  performance.  Motor  voltage  control  under  varying  load  using  the  air-gap- flux  related  feed¬ 
back  signal  was  demonstrated  at  frequencies  above  15  Hz,  however,  control  was  less  than  optimal.  Other 

i 

motor-controller  features  including  speed  ramp-down  under  overload  conditions,  power  switch  over- 

! 

1  current  protection,  and  the  maintenance  of  constant  AC  output  voltage  under  conditions  of  varying  DC 
input  voltage  were  successfully  tested. 

I 

II.  Power  Bridge  Circuit  Description 

i 

i 

) 

The  three-phase  power  bridge  circuit  consists  of  6  identical  power  switch  units  connected  as  shown 
in  Figure  1 .  The  switches  are  driven  by  the  control  circuits  to  produce  pulse  width  modulated  variable- 

I 

frequency,  variable-voltage,  three  phase  power.  The  Phase  II,  Task  A  report  describes  the  control  circuits 
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POWER 

SWITCH 

UNIT 


Figure  1.  3-Phase  Power  Bridge 

and  the  method  for  generating  the  proper  control  signals  for  the  power  switches.  Each  of  the  power 
switches  is  optically  isolated  from  the  control  signal  source  and  each  has  indiv  idual  current  limit  protec¬ 
tion. 

Power  Switch  Unit  Description 

The  power  switch  units  consist  of  a  transistor  switch  module,  a  “catch”  diode,  a  switch  driver 
circuit,  a  low-voltage  power  supply,  and  a  series  current  shunt  resistor  connected  as  shown  in  Figure  2. 

The  transistor  switch  module  conducts  the  load  (motor)  current  when  in  the  on  state  and  the 
“catch”  diode  conducts  the  load  current  when  the  switch  module  is  off.  The  switch  driver  circuit  provides 
the  proper  current  pulse  to  drive  the  switch  module  on  or  off  according  to  the  control  signal.  The  low 
voltage  power  supply  provides  isolated  power  for  the  switch  driver  circuit.  The  shunt  provides  a  current 
proportional  signal  that  is  used  for  switch-module  over  current  protection. 
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“CATCH" 

DIODE 


Figure  2.  Power  Switch  Unit 
Transistor  Switch  Module  Description 

The  switch  module  consists  of  a  matched  set  of  transistors  connected  in  a  Darlington  arrangement 
as  shown  in  Figure  3.  The  transistors  are  matched  by  the  manufacturer  and  housed  in  a  3.25  x  2.75  x  1 .25 
inch  module.  Each  individual  transistor  is  a  PT-751 1  (Power  Tech,  Inc.)  (See  Data  Sheet,  Appendix  A). 
The  switch  module  characteristics  are  as  follows: 

1 .  Collector-Emitter  Breakdown  Voltage  BV,  to  =  200  min  at  i,  =  200  ma. 

2.  Emitter  Cut-Off  Current  Il8<)  =  15ma  max  at  VlB  =  8V  ICB  =  0. 

3.  Collector  Cut-Off  Current  I,,s  =  lOma  max  at  VCB  =  200V  RB1  =  0. 

4.  D.C.  Current  Gain  hfe  =  100  min  at  Vrt  =  5V  I<  =  250A. 

5.  Base-Emitter  Voltage  VB[  =  3.0V  max  at  I<  =  250A  Vct  =  4V. 

The  modules  used  in  the  motor  controller  were  tested  by  the  manufacturer  to  the  specification. 

>4 


(See  Test  Data,  Appendix  A). 


COLLECTOR 


Figure  3.  Switch  Module 


Diode  Description 

The  “catch”  diode  provides  a  return  path  for  the  load  current  when  the  associated  switch  module 
is  turned  off.  The  manufacturer  is  Semtech  Corp.,  part  numbe  SCSF4R.  The  important  characteristics 
are  as  follows: 

Peak  Inverse  Voltage  400V 

Forward  Voltage  V,  =  1.40  max  at  I,  =  100A 

Recovery  Time  t„  =  200  nanoseconds 

'measured  when  rectifier  recovers  to  0.25  amp  from  a  0.5 
amp  forward  current) 

Reverse  polarity  diodes  were  used  in  the  breadboard  such  that  the  cathode  could  be  connected  to  the 
collector  of  its  associated  switch  module  using  the  heat  sink  as  the  conductor. 


Switch  Driver  Circuit  Description 


The  switch  driver  circuit  inputs  a  control  signal  from  the  control  electronics  and  outputs  corres¬ 
ponding  turn-on  and  turn-off  drives  to  the  base  of  its  associated  transistor  switch  module.  A  block  dia¬ 
gram  of  the  circuit  is  shown  in  Figure  4.  The  circuitry  represented  by  the  blocks  to  the  left  of  the  vertical 
dotted  line  in  Figure  4  is  located  on  a  4  x  4  inch  Printed  Wiring  Assembly  and  the  remaining  circuitry  is 
located  on  the  switch  module  heat  sink  assembly.  The  circuitry  operates  as  follows:  (See  Driver  Board 
Schematic  Diagram,  Appendix  B). 

1.  Input  Isolation 

Input  isolation  consists  of  an  optical  isolator,  U 1 ,  that  receives  a  TTL  logic  signal  from  the  control 
circuit.  A  logic  “0”  turns  the  switch  module  on  and  a  logic  “  1  ”  turns  it  off.  The  optical  isolator  permits  the 
power  switch  unit  and  the  control  circuit  to  operate  at  different  reference  voltages. 


CONTROL 

INPUT 


Figure  4.  Switch  Driver  Block  Diagram 


2.  On-Drive  Timer 


The  pulse  on-drive  timer,  U2A,  is  a  protective  circuit  that  limits  the  maximum  on-time  of  the 
switch  module.  The  timer  turns  off  the  switch  module  should  the  control  circuit  fail  to  do  so  within  the 
prescribed  time.  The  timer  is  triggered  on  by  a  logic  “0”  and  reset  by  a  logic  “  1  ”  on  the  control  input.  The 
timer  can  also  be  reset  by  a  signal  from  the  overcurrent  protection  circuit. 

3.  Current  Limit  Disable 

The  current  limit  disable  circuit  disables  the  overcurrent  protection  circuit  for  the  initial  6  micro¬ 
seconds  of  each  power  switch  turn-on  cycle.  The  circuit  prevents  the  detection  of  overcurrents  due  to  the 
recovery  current  of  the  “catch”  diode  or  L  di/dt  voltages  in  the  shunt  circuit  that  normally  occur  when  a 
switch  is  turned-on.  The  overcurrent-disable  time  period  is  established  by  comparing  the  turn-on  pulse 
from  the  input  optical  isolator,  differentiated  by  C2  and  R7,  with  a  reference  voltage  generated  by  R19 
and  VR1 .  The  output  of  the  comparator  U3A  is  wired  in  an  “OR”  arrangement  with  the  current  limit 
comparator  U3B  such  that  the  overcurrent  limit  is  disabled.  The  waveforms  are  diagrammed  in  Figure  5. 
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Figure  5.  Current  Disable  Waveforms 


4.  Overcurrent  Detector 


The  overcurrent  detector  compares  the  switch  module  current  with  a  reference  and  resets  the  pulse 
time  if  the  reference  is  exceeded.  The  voltage  across  the  current  shunt  is  sensed  and  amplified  by  a  differ¬ 
ential  op  amp,  U6A,  such  that  common  mode  rejection  of  the  op  amp  reduces  the  effects  of  the  L  di/dt 
induced  voltage  in  the  shunt  circuit.  (See  schematic  diagram,  Appendix  D).  The  current  signal  is  com¬ 
pared  with  a  reference,  U6B,  and  if  the  reference  is  exceeded  the  pulse  timer  is  reset  through  U3B.  The 
shunt  resistance  is  0.0020  and  the  differential  op  amp  gain  is  5  such  that  the  reference  voltage  (pin  5  of  U6) 
may  be  established  by  the  following  formula: 

V  =  0.01  lUMIT  +  0.7 

The  reference  is  presently  set  at  2.00  volts  for  current  limiting  at  approximately  125  amps. 

5.  Off-Drive  Timer  and  Isolation  Transformer 

The  overall  purpose  of  the  turn-off  circuit  is  to  minimize  the  turn-off  time  of  the  transistor  switch 
modules  by  reverse  biasing  the  base-emitter  junctions  to  rapidly  remove  the  stored  charge  in  the  base 
regions  of  the  transistors.  The  off-drive  timer  supplies  a  40  fis  pulse  that  establishes  the  period  during 
which  the  reverse  voltage  is  applied  to  the  switch  module  base-emitter  junction.  The  timer  is  triggered  by 
the  termination  of  the  turn-on  drive  and  its  output  drives  the  primary  winding  or  an  isolation  transformer 
T1 .  The  isolated  pulse  from  the  secondary  winding  of  T1  drives  a  second  transformer  (See  Power  Stage 
Schematic  Diagram,  Appendix  B)  that  generates  the  reverse  voltage.  The  actual  base  drive  pulse  is  shown 
in  photos  1  and  2. 


Low  Voltage  Power  Supply 


Each  of  the  6  power  switch  units  has  an  associated  low-voltage  power  supply  for  powering  the 
switch  driver  circuits.  The  supplies  are  standard  commercial  AC  to  DC  types  rated  at  5VDC  3  amps. 

Shunt  Resistor 

I  The  shunt  resistor  conducts  the  power  switch  emitter  current  and  is  used  for  current  sensing.  The 

^  shunts  are  made  of  strips  of  monel  metal  cut  to  dimensions  that  produce  a  0.0020  resistance  between 
terminals.  The  voltage  generated  across  the  shunts  is  connected  to  the  differential  op  amp  in  the  overcur¬ 
rent  detector  circuit.  Monel  is  used  because  of  its  low  temperature  coefficient. 

Hardware  Protective  Circuits 

Each  power  switch  unit  has  been  designed  to  turn-on  only  from  a  command  from  the  control 
circuits  but  will  turn  off  under  three  conditions:  (1)  a  control  circuit  command;  (2)  an  overcurrent  condi¬ 
tion;  or  (3)  in  the  event  of  no  control  circuit  turn-off  command  within  a  prescribed  period.  Refer  to  the 
Switch  Driver  circuit  description  for  details  in  the  operation  of  these  circuits.  In  addition,  shoot-through 
protection  has  been  designed  in  the  control  circuit  such  that  a  26  microsecond  off-period  occurs  between 
the  time  a  power  switch  unit  turns-off  and  its  complementary  power  switch  turns-on.  This  off-period 
insures  that  the  conducting  periods  for  complementary  power  switch  units  do  not  overlap. 

III.  Power  Bridge  Test  Results 

The  Motor  Controller  Breadboard  is  shown  in  Photo  3  and  the  motor  and  dynamometer  used  for 
test  purposes  shown  in  Photo  4.  The  motor  is  a  Franklin,  oil-cooled  type,  rated  at  7.5  hp,  600  rpm,  87V,  32 
Hz.  The  dynamometer  is  rated  at  up  to  1 25  hp.  The  power  bridge  was  tested  over  the  range  of  frequencies 
6  to  60  Hz  at  various  loads  and  was  specifically  tested  to  the  motor  ratings  of  7.5  hp,  600  Rpm,  32  Hz. 
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Performance  of  the  power  bridge  was  excellent  in  all  respects.  Photos  5  through  12  show  the  phase  to 
phase  voltage  and  phase  current  waveforms  under  medium  load  at  15,30, 45,  and  60  Hz.  Photo  13  shows 
the  collector-emitter  voltage  of  one  of  the  switch  modules  and  photo  14  shows  the  waveform  of  the  current 
into  one  power  switch  unit  including  the  “catch”  diode  current.  Photo  15  shows  the  unfiltered  phase  to 
phase  voltage  for  a  high  output  voltage  (wide  pulse  width)  and  photo  16  shows  the  same  waveform  for  a 
low  output  voltage  (narrow  pulse  width). 

The  switching  waveform  for  the  power  switch  modules  were  such  that  snubber  networks  were  not 
required.  The  improvement  in  switching  waveform  would  not  compensate  for  the  additional  pow  er  dissi¬ 
pation  and  circuit  complexity  of  snubber  networks.  This  was  a  result  of  two  design  decisions:  (a)  to  use 
relatively  slow  power  transistors;  and  (2)  to  use  a  careful  layout  of  the  bus  bars  and  filter  capacitor  to 
insure  clamping  of  the  bus  voltage,  in  conjunction  with  fast  “catch”  diodes. 
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IV.  Motor  Controller  Test  Results 


The  power-bridge  and  feedback  control  circuits  were  connected  to  test  the  hardware  and  software 
required  for  motor-controller  closed-loop  operation.  The  resistance  and  inductance  values  for  the  test 
motor  were  provided  by  NSRDC  as  follows: 


R,  =  0.06050 
L„  =  0.00680h 
R„  =  0.08300 
L„  =  0.00700h 
M  =  0.00636h 


The  equivalent  circuit  values  were  derived  as  follows: 


L,  =  L;  -  U  =  0.00044 

0.06050  /  1-2  =  Lb  -  M  =  0.00064 


The  control  circuits  and  software  were  tailored  to  the  test  motor  as  follows: 

(1)  The  stator  inductance  value  L  (Refer  to  Phase  I  report)  used  for  the  feedback  equation  was 
calculated  as  follows: 

L1  =  L,  +  L,,L,/(Lm  +  2L;) 

L'  =  0.00044  +  (0.00636)(0.00064)/[0.00636  +  (2)(0.00064)]  =  9.73  x  10Jh 

A  table  of  K,  values  was  computed  and  entered  into  EPROM  memory  as  follows: 

K,  =  2110.'  x  scaling  factor 

A  single  K,  value  (16  bits)  for  each  integer  frequency  from  6  to  60  Hz  was  entered  into  the 
table.  (PWM  microprocessor  program  location  FE06  Hex). 

(2)  The  direct  and  quadrature  currents  and  voltages  were  scaled  by  installing  the  appropriate 
resistors  in  the  scaling  circuits  located  on  the  A4  PWA  in  the  control  electronics.  Scaling  is  as 
follows: 

Vj  and  Vu  scaled  for  ±  128V  peak 
lj  and  Iu  scaled  for  ±  256  amps  peak 

(3)  The  nominal  (open-loop)  output  voltage  table  (Vopen)  was  established  for  the  test  motor. 
The  no-load  motor  voltage  at  which  the  motor  begins  to  stall  was  measured  at  several  excita¬ 
tion  frequencies.  A  linear  V/F  =  table  for  the  full  range  of  frequencies  was  established  from 
these  measurements  and  the  table  was  entered  into  the  PWM  processor  memory. 
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An  initial  attempt  to  dose  the  air  gap  flux  feedback  loop  was  partially  successful,  l  or  excitation 
frequencies  above  15  Hz  at  light  to  medium  motor  loads  the  feedback  loop  varied  the  motor  voltage 
proprotionally  with  load  variations  as  expected.  At  high  loads  the  feedback  error  calculated  in  software 
exceeded  the  maximum  allowed  by  the  software  filter  subroutine  and  an  overflow  occured.  At  low  excita¬ 
tion  frequencies  6  to  15  Hz  the  feedback  loop  did  not  correctly  respond  to  the  load  variations. 


Several  minor  changes  were  made  to  the  feedback  processor  software  to  eliminate  the  overflow 
problems.  The  software  flow  was  rearranged  and  a  variable  gain  (table  loop-up)  algorithm  was  added  to 
the  feedback  error  signal,  E*,  as  shown  in  Figure  6.  Implementation  of  the  selectable  gain  algorithm  on 
the  feedback  error  signal  resulted  in  a  smaller  magnitude  error  signal  in  the  filter  subroutine,  eliminating 
the  overflow  problem.  The  variable  gain  feature  also  added  flexibility  in  establishing  the  optimal  voltage 
boost  for  a  given  feedback  error. 
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REARRANGED  FEEDBACK  MPU 
FLOW  CHART 


Figure  6.  Revision  to  Feedback  Flowchart 
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Closed-loop  testing  with  these  software  modifications  enabled  adequate  operation  at  excitation 
frequencies  above  15  Hz.  The  motor  voltage  responded  proportionally  with  load  variations  over  the 
entire  load  range.  Motor  voltage  regulation  for  a  given  load,  however,  tended  to  be  on  the  underexcited 
side  of  the  optimal  motor  excitation.  Attempts  at  achieving  optimal  motor  excitation  voltage  resulted  in  a 
runaway  condition,  where  the  excitation  voltage  increased  to  its  maximum  regardless  of  the  load.  A  set  of 
data  was  taken  to  examine  the  flux  feedback  signal  at  various  excitation  frequencies  from  6  to  60  Hz  and 
various  motor  loads.  The  data  is  tabulated  and  plotted  in  Figures7  through  12.  The  air  gap  flux  related 
signal,  Wv  was  recorded  from  feedback  microprocessor  program  location  “FABE”  hex. 

The  feedback  control  loop  as  presently  implemented  requires  the  Wx  versus  motor  voltage  plot  to 
have  a  negative  slope.  Regulation  occurs  in  this  negative  slope  area  to  the  left  of  the  minimum  “valley”  W  x 
value  shown  on  the  Wv  plot.  The  calculated  WN  curves  for  frequencies  above  15  Hz  have  the  necessary 
negative  slope  areas  that  allow  the  loop  to  regulate.  Below  15  Hz,  the  curves  do  not  have  the  required 
shape.  Regulation  was  attained  at  frequencies  above  15  Hz  and  the  motor  voltage  increased  with  load  as 
expected.  Regulation  was  not  achieved  at  excitation  frequencies  below  15  Hz.  In  all  cases,  the  motor  was 
!  slightly  under-excitated  during  closed-loop  regulation.  The  approximate  optimal  regulation  points  on  the 
Wx  versus  Motor  Voltage  plots  are  shown  by  a  small  circle  on  each  of  the  plots.  These  points  were  esti- 

I 

mated  from  the  attached  data  through  an  interpretation  of  the  slip  speed  and  input  power.  Photo  17 

!  through  24  show  the  filtered  feedback  signals  used  to  calculate  Wv.  Pictures  of  VJt  Vu,  10,  and  Iu  at  4 

i 

frequencies  are  shown.  In  all  cases  the  “direct”  quantity  leads  the  “quadrature”  quantity.  The  waveform 

I 

photos  were  taken  at  the  A/D  Converter  inputs  in  the  control  circuit. 

Problems  that  affected  proper  motor  voltage  regulation  using  the  air-gap-flux  related  signal  in¬ 
cluded:  (1)  obvious  distortion  in  the  filtered  Id,  Iq,  Vd,  and  Vq  signals  at  low  frequencies  (see  photos  23 
and  24);  (2)  general  difficult  with  the  complexity  of  tailoring  the  feedback  equation  to  the  test  motor 
parameters;  and  (3)  control  problems  related  to  the  double  valued  nature  of  the  air  gap  flux  related 
feedback  signal. 
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In  order  to  test  the  various  features  of  the  motor  controller  without  relying  on  the  Wx  error 
quantity,  the  motor  controller  software  was  modified  to  provide  a  constant  voltage  per  frequency  output 
in  the  closed-loop  mode.  This  change  involved  installing  a  new  open-loop  voltage  table  in  the  PWM 
processor  software  and  using  a  constant  for  determining  the  PWM  Scale  factor  rather  than  the  error 
signal  from  the  feedback  microprocessor.  (Constant  is  located  at  DD46  and  DD47  Hex).  The  feedback 
microprocessor  software  was  also  rearranged  slightly  to  rectify  and  filter  the  motor  direct  current  value 
previously  used  in  the  air  gap  flux  calculation  and  pass  the  result  to  the  PWM  microprocessor.  The  recti¬ 
fied  current  value  is  used  by  the  PWM  processor  for  software  overload  protection  in  the  same  manner  as 
the  Wx  error  signal  was  previously  used.  Software  listings  containing  these  changes  are  provided. 

The  overload,  ramp-down  feature  was  tested  and  the  overload  threshold  set  to  approximately  100 
amps  peak  motor  current.  Motor  controller  operation  using  toggle  switches  for  motor  speed  changing 
and  direction  reversing  rather  than  using  the  CRT  Terminal  was  also  demonstrated. 
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APPENDIX  A 


90  AMPERES 

PT-ysn 


SILICON  NPN  TRANSISTOR 


MAXIMUM  RATINGS 

SYMBOL 

PT-751 1 

Collector-Base  Voltage 

VCBO 

200V 

Collector-Emitter  Voltage 

VCEO 

200V 

Emitter-Base  Voltage 

VEBO 

10V 

Peak  Collector  Current 

'cm* 

90A 

D.C.  Collector  Current 

'c 

50A 

Power  Dissipation  at  25°C  Case  Temperature 

PD 

35  OW 

Power  Dissipation  at  100°C  Case  Temperature 

PD 

200W 

Operating  Junction  Temperature  Range 

TJ 

-65  to  200°C 

Storage  Temperature  Range 

ta 

-65  to  200°C 

Thermal  Resistance 

°JC 

0.5°  C/W 

Package 

TO-63 

ELECTRICAL  CHARACTERISTICS  lat  25  C  unless  noted) 


LIMITS 

u 

TEST 

SYMBOL 

PT-751 1 

N 

TEST 

MIN. 

MAX. 

T 

D.C.  Current  Gain* 

hFE 

10 

40 

lc=50A,  Vce=2V 

D.C.  Current  Gain* 

hFE 

5 

- 

lc=90A,  Vce=4V 

Collector  Saturation  Voltage* 

VCE(sat| 

- 

0.6 

V 

lc=50A,  lg=5A 

Collector  Saturation  Voltage* 

VCE(sat> 

- 

1.5 

V 

lc=90A,  lg=18A 

Base  Emitter  Voltage* 

VBE 

- 

1.5 

V 

lc=50A.  Vce=2V 

Base  Emitter  Voltage* 

VBE 

- 

2.5 

V 

lc=90A,  Vce=4V 

Collector-Emitter  Breakdown  Voltage* 

VCE0(sus) 

200 

- 

V 

lc=200mA,  lB=0 

Collector  Cut-off  Current 

'CBO 

- 

2.0 

mA 

VCb=20°V. Ieb=0 

Collector  Cutoff  Current  @  150°C 

'CBO 

- 

10 

mA 

vcb=i°ov.  iEB=o 

Emitter  Cutoff  Current 

'ebo 

- 

1.0 

mA 

veb=8v>  'cb=0 

Gain  Bandwith  Product  Typ. 

ft 

1.0 

MHz 

'c=5avce=10v 

f=100KHz 

Collector  Capacitance 

^obo 

- 

1800 

pf 

VcB=10V,  f=1MHz 

Switching  Speed  Typ. 

V 

- 

2.5 

ps. 

(PowerTech  Test  Circuit) 

*s 

3 

M$. 

lc=50A 

- 

2.5 

ps. 
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mt-1223 


250  AMPERE  POWERBLOCK  POWER  SYSTEM 


MAXIMUM  RATINGS 

SYMBOL 

MT-1223 

Col  lector- Base  Voltage 

VCBO 

200V 

Collector-Emitter  Voltage 

yce 

200V 

Emitter-Base  Voltage 

vebo 

10V 

Peak  Collector  Current 

•cm* 

250A 

D.  C.  Collector  Current 

•c 

250A 

Power  Dissipation  at  25°C  Case  Temperature 

pd 

975W 

Power  Dissipation  at  100°C  Case  Temperature 

Pd 

600W 

Operating  Junction  Temperature  Range 

Tj 

-65  to  200°C 

Storage  Temperature  Range 

Ta 

-65  to  1 50°C 

Package: 

PPS-500 

Thermal  Resistance 

°JC 

0 . 1 7°C/W 

ELECTRICAL  SPECIFICATIONS  (at  25°C  unless  otherwise  noted) 


TEST 

SYMBOL 

MIN. 

MAX. 

UNITS 

TEST 

CONDITIONS 

D.  C.  Current  Gain* 

hFE 

•C=  VCE= 

D.  C.  Current  Gain* 

hFE 

100 

lC=250A,VCE=5V 

Collector  Saturation  Voltage* 

VCE(sai) 

. 

2.5 

V 

lC=250A,'B=  5A 

Collector  Saturation  Voltage* 

VCE(sat) 

V 

*C=  'B= 

Base  Emitter  Voltage* 

VBE 

- 

V 

IC=  vCEr 

Base  Emitter  Voltage* 

ybe 

3.0 

V 

Ic=250A,VcE"AV 

Collector-Emitter  Breakdown  Voltage*  t 

VCE(sus) 

200 

V 

IC^OmA 

Collector  Cutoff  C-rrent** 

ices 

10 

mA 

VCB=  200V  ,rBE*° 

Emitter  Cutoff  Current**,* 

'ebo 

15 

mA 

Veb=  8V ,  IC-0 

300 /a  sec,  DC  <2% 

**  Base  -1  connected  to  Base  rt? 

••  'Base  2*7  open  circuit 

*  -  1 00  ohms.  RqjE  *  10  ohms 
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